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CARBOHYDRATE METABOLISM AND WINTER 
HARDINESS OF WHEAT ‘ 

By Ekic Kneen, assistant agriculiural chemist and assistant plant pathologist^ and 

M. . 1 . Blish, agricidtural chemistj N^cbraska Agricultural Experiment Station 

INTRODUCTION 

liosi'iirch c.ouductod by iun.ny workers during tlio past half century 
lias resiilt(Hl in a body of (evidence which indicates an important 
coniH'ction betwiniii soluble (*arbohyd rates and the cold resistance of 
winter-hardy C(U-('jds. On the other hand, the frinpient appearance 
of confusing and eontradictory results and conclusions justifies addi- 
tional n^search. Fr(‘qu(aitly cold resistanci^ has Ixaai confused with 
wint(U‘ hardin(‘ss; i. e., the resistance to frost injury at a specific 
time during ha.rd('nin<^ has njcidved more attention than the di^velop- 
uK'ut and m{uut<aian(‘e of cold r(‘.sistan(‘e throuj^hout the winter 
piu’iod. "riie (ixact natures of tlu' hanhaiin^ proc(‘SS and tlie role of 
various factors in this process are of funda-mental interest. 

In th(^ br(‘(‘din^ of d(‘sirabl(^ varieties of winbu* ci*roals the incor- 
poration of winter ha.rdin(‘ss is usually a n(^c(‘ssary precaaition. 
Ha])id and ri'liabb* methods for varietal charaettuization which may 
sujiplennait tlu’ fii‘ld and controlb^l freevzin" ti^sts being conductinl 
for this purpose*, are* greaitly to be** ele^sire‘d. Theu’e is, them, a need for 
infeirmatiein re'gareling tlie exact re‘lationshi]) betweam carbohydrate 
meta-bolisin and winte*!* hareline*ss anel also re*garding the possibility 
of aelapting such iid'ormation tei the elilfe're'ntiation eif varietie'.s on the 
liasis e)f their winte*r liareliness. In the j)ast sucli stuelies have been 
large*Iy confined te) fie*lel-gre)wn material subje*ct to the effect of aelveu'so 
envireinmemta.l e-euielitieuis. UiKjue*stionably this lack of control 
accounts for many of tbe* contraelictions founel in the lite*rature. An 
e'xamination of the rela-tieiriship betweeai carbobydratei metabolism 
anel winten- hardiness of wb(*at as ele‘te*rmineMl uneler eMuitrolleel con- 
elitions has bee‘n unebu’takeai with the re>sults and conclusions as 
here*,w i th re})or teel . 

LITERATURE REVIEW 

No single* se>urc(' as yet providers an adeu]uate rewie^w of the litera- 
ture> be'aring on the re'latieinship of soluble carbediydrate'.s to winter 
hardine^ss of e*e*reals. Ileiwever, papeu’s by Schaffnit {30)^^ Akerrnan 
(f), Fuifhs (,9), and Levitt and Scarth (17) include ratlmr (extensive 

• Itm-ived for publication April 1(1, 1940. e'ontributioii from tli<‘ ncpartiiauits of Ajirioiiltural eaioinistry 
an<i Plant PatholoRy, Nebraska AKricultural Experiment Station. Journal Serio.s ])aper Xo. 202 of the 
Nebraska Apricultural Experiim^ril Station. 

2 Italic nuinb('r.s in parenthose.s n^fer to Literature Cited, i). 24. 
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literature reviews, and tlic leader is referred to them for a more 
adequate treatment than sjiace permits in tlie present jiaper. 

The work of numerous investigators has established tliat coincident 
witli a pronounced incr(‘-ase in cold resistance during the advent of 
tlie low teinp(U*atures of fall and winter, there is a pronounce*, d increase 
of soluble carboliydrates in the wduait plant. A relationship has 
been (established bedween low^-tcunperaturc hardening, sugar accumu- 
lation, and radiation intensity. Among others, Tumanov (30, 37), 
Mudra {W)j Dexter (d), and Constantinescu (4) have (hMiioustrated 
that liglit is neccissary for tlui normal hardening of wdnter c(‘r(*als and 
liave lik(*wuse showui that tlu^ la(*k of hanhuiing und(*r light deiicien(‘y 
conditions is accompa,ni(^d by a lack of sugar accumulation. FurlJuu’ 
emphasizing tlu^ im])ortance of light in the development of cold 
resistance', Tumanov {37) and Suiu'son and Pcltic'r (34) showu'd tliat 
any shading of tlu^ hardening plants, wlu'tJier continuous or periodic, 
resulted in d (‘creased cold r(*sistance. 

Attempts to exjm'ss varietal diffeTcnce^s in wintei* hardiiu'ss of 
cereals by carbohydrate analysis have not beeui (Uitiivly successful. 
AkeTinan (7) was al)le to aj*range 11 varieli(\s of winter wli(*at in the 
order of their redative cold r(.>sistanc(* by nu'ans of sugar and dry- 
matter determinations. Ledxxlince'.v oi al. (1(>) experim('nt(‘d witli 
44 varieties of wheat, !(> of rye*, and 4 of barl(*y and showe'd (hat while 
individual variation in cold re^sistance^ was difficult to expr(>ss h^^ 
sugar analysis, the varielie‘s could be‘. arrangerl into hardy, me'dium- 
hardy, and nonhardy groups l)y this meains. Mudra {20) was like*- 
wis(^ able to ('stablisli a coiTe*.lation b(*tw'(‘(‘n analysis and (i(‘ld-e'xhibited 
(H)ld re'sislan(H\ On the otlie*r hand, Newvton {21, 22) rcjxirtod that 
dry matte*!* and sugar increase's, while associateal with hardening, 
^‘ould not be us(‘d for varietal diflerenliation. Martin (7.9) and 
Salmon and Fleming {27) found a lack of coi'redation bedwea^n cedi sap 
solids and cold re^sistance of winter wheal. Timof(\j(‘va (35) and 
Balde {2) reyiorted that thevre was ju) edear-cut agre(*m('nt be'twe'en 
sugar content and varietal dilfcrence^s in cold j'csistance*. (lovorov 
{10) found no correlation betwenri dry-matter conte'iit tmd hardiness 
and no ditlerence l)etw(^en winte*r and spring cere*als in this r(‘sp(u*t. 
flansseri (77), in an exp(‘rime‘nt eh'signed to study the (‘ffect of date of 
planting on winter hardine^ss of wdieat, found that the ])lants of one^ of 
the planting date's which resulte‘d in low cold re^sistance, cont aim'd the* 
highest content of sugars. Fiirthe*r, Dexter ((V) reporteei tliat an 
increase in sugars at low" tempe'ratures may or may not be* acconqianie'd 
by decideHlly increas(>(l luirdine^ss. 

it is obvious from the aliove^ that morei information must be^ ol)- 
taineel bedore* any comprediensive* picture of the relationship be'tween 
winter hardiness ami carbohydrate metabolism may be drawui. 

MATERIALS AND METHODS 

EXPEHI MENTAL MATERIAL 

Winter wheat {Triiicum aesthmm L.) was selected as a ce*reml grain 
readily adaptable to expevrimental procedure* and one of which sample's 
covering a w"ide range of knowui varietal winter hardiness are eaisily 
procurable. Table 1 shows the winter-liardiness ediaracte'i istics, as 
outliiied by (^uisevnbe*ri*y (25) , for the six varieties used throughout the 
presemt study. It may lie seen from table 1 that the actual winter 



Jiin. 1, 1941 


( rhohydrate MeUihidlsm and Ilardiness oj Wheat 


3 


survival in tlio uruforin w iutor-liardinoss mirscric^s of the (ireat 
Plains ar(‘a during tln^. jieriod 37 ranged fi*oin 71.5 percent for 

Minliardi to 44.7 percent for Fiilcast-er. In addition to the above 
varieti(^s of winter wheat, a spring wluait, either Marquis or Ceres, 
and T(vnnessee wint(‘r barl(‘y were used on occasion for comparative 
purposes. 

Th(‘ s(*.edling inat(‘rial used for hardening, (hihardening, and fn'ezing 
(‘X])eriin(‘nts was obtained by growing the grain in flats of fertile 
gre(Mihous(\ soil in the gr(‘enhouse for a 3-week period following the 
date of jdanting. An attianpt was made to hold the greenliouse 
tempera tur(' at approximat(4y 67° to 70° F., but in the case of the 
early fall planting outside conditions caused a notable rise in the 
averagi^ growing tiunperature. ICach flat contaiiuul all six vai-i(‘ties 
of wint('r wh(‘al and in each s(‘ries of six flats six different positions 
w(U-(‘ occu])i(‘d by each variety. 


Tai»i;k 1. WittUr-hnniintHii classification (f the six varieties of winter wheat used for 

CO n.t rolled s( ud ies 


Variety 

0. 1.1 No 

De.seription 

Field siirviv 

\\\-,iphtcd 

SI V enure 

Minliardi - 

7)149 

Soft rod w inter. 

Percent 

71..') 

Minturki . ... 

(il.V) 

Hard rod winter 

07. 1 

(’hoyenne 


. do .. 

7 

Knwvale 

81K(I 

Soft rod winter 

2 

lilHckhull 

f)2.‘)l 

Hard rod wintor. 

4.'). 8 

FuKtastcr 

I 1)471 

1 

Soft rod winirr 

44. 7 


In ratio 
to K ark of 


I* IT cent 
12;k3 
Ilf). 2 
11 ) 2. 9 

03. 0 

70. 0 
77. 1 


1 C. 1. (Icriolo.s acces.sirtn nniuhiT of ilu* DiA isioii of Ccroal (’rops an<i Diseases, lliireau of IMaiit Iielustry 
U. S. Department of .Xuricultiire. 

2 Data for av erage field survi\ al taken direct from published data of Quisenherry {26). 


During tin' winter of 1937-38 three' (‘xperiments were conductfHl, 
tin* same six varieties of wintt'r wheat bt'ing used througliout. The 
material of (‘X|)(‘riment A was hardened through the period October 
27 to Dt'ct'inbtvr 10, 1937; experiment througli December 13, 1937, 
to February 8, 1938; and expe'riment C through February 10 to April 
4, 1938. Ill this manner liardening was carried on under both decreas- 
ing and increasing day lengths. Expej’iments not rejiorted in dc'tail 
in this ])aper indicatt'd that controlh'd hardening of the type used 
results in the maximum level of n‘s<'rves being attaiiH'd in about 50 
days. For (‘xainple, the average sucrose and dry-matter (*nntent for 
the crowns of two varieties of wintc'r wheat were 15.99 and 30.22 per- 
cent, respectively, afti'i* 48 days of hardening as compared with 15.73 
and 29.70 percent aft(T 70 days. Accordingly, the experiments were 
terminated after about 7 to 8 weeks of hardcMiing. 

HARDENING, DEHARDENING, AND FREEZING 

The control (‘quipment for the experimental haidening and fri'ezing 
of crop plants has l)(*en described by Peltier (^0- essentials the 
hardening room consists of a double-glassed greenliouse held by refrig- 
eration at any constant temperature between freezing and normal 
growing temperatures. The freezing room may be held with little 
variation at any desired temperature from 0° to — 30°C. Through- 
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out the work herein reported the hardening room temperature was 
maintained at approximately 2®. 

The experimental plants were moved from the warm gre(uihoiise to 
the hardening room at the 3-week seedling stage and held thereafter 
continuously at approximately 2° C., and were watered when neces- 
sary, As desired, samph's were taken for analysis, flats were removed 
to tlie freezing chamher for survival tests, or were transferred back 
to the warm greenhouse for deliai*dening. 

For purposes of this report the terni ‘Mehardening^^ means the 
process involved when a previously low-temperature hardened plant is 
caused to lose a degree of its cold resistance by the influence of the 
higher temperatures conducive to the transition from dormancy to 
active growth. 

ANALYTICAL METHODS 
Sampling 

Analyses are reported for several somewhat difleremt types of mate- 
rial. During the early part of tlie year (experiments A and B) sam- 
ples referred to as ^'leaves’^ rc^presenUai the s(adion of the seedling 
al)ove ground ]ev(^l, material other than leaves being ojily a small part 
of the whole. When botJv crown and leaf tissue were samphnl, as in 
<Lxperiment C, the whole plant, after removal of tlu* roots, was divided 
into two parts: (1) The leaf blades and (2) the remaining ci’owii, 
stem, and leaf-sheath materials. This crown and strm tissue is re- 
f(‘n*ed to as crown. In oiie instance — the dehai-th'iiing phase of 
experiment B -the whole plant, after removal of the roots, was used 
for analysis. 

No matter what plant s(»ction was s(*lect(‘(l, each sainj)l(‘ n ‘presented 
a composite of from 30 to 50 plants, i. c., a composite containing from 
5 to 8 ])lants from each of G flats. The selected mater ial, after clean- 
ing and removal of any dead tissue*, was cut up finely with scissors, 
mixed thoroughly, and placed in an aluminum moisture can of ai)pro- 
priate size-. All operations were* conducted as rapidly and uniformly 
as possil)Ie. Sampling of hardened material was performed in the 
hardening room. Sampling of unhardened or dehardened material 
was done in the warm greenhouse but the seahal cans were plact'd 
in the hardening room as soon as obtained. Unl(;ss otherwise indi- 
cated, alt sampling was conducted between 10 and 1 1 a. m. 

Following th(*. sampling, the material was kept unde!* refrigeration 
except during the brief ptu'iods when it was l)eing transported to the 
lal)oratory or being weiglujd. It was establish(*-d that minor variations 
in this sampling procedure had essentially no influence on the subse- 
quent dry matter and sugar determinatioii. 

Determination of Dry Matter 

An appropriate amount (4 to 5 gm.) was ra})idly weighed into a 
small aluniinum moisture can and the cover tightly aflixed. This 
can wdth its contents was jilaced on a K-inch solid aJuminum shelf in 
an oven held at 140® C. and left there for 15 minutes. By this means 
steam is produced almost immediately inside the can, thereby rapidly 
inactivating the enzymes without charring. Following this preheating 
treatment, the material was dried overnight under vacuum at 90®, 
cooled in a desiccator, reweighed, and the percent dry matter calcu- 
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latod. Iti addilioM, tlris inothod of and drying produces a 

dry sampler which, if dc^sired, may he (|iiantitatively Iransf erred to a 
iliisk and extracted for sugar determination. 

Determination oe Suoars 

Either 4 to 5 gm. of the green material or tin', entire residue 
rc^siilting from one of the dry-niatter determinations was placed in a 
lOO-cc. Koldrausch volumetric flask. A few drops of toluol were 
added and tlu^ flask was covc^red with a watcli glass and then gimtly 
lu'atcHl to p(‘rmit. permeation of the plant material with toluol vapor. 
Fifty to sixty cubic centinuders of boiling water were then added and 
extraction c.an iial out for 1 hour on the steam bath. Longer periods 
of extraction have not jiroved Ixmeficial and under the above condi- 
tions neither has liie addition of calcium carbonate for neutralization. 

Following ('.xlraction, reducing sngai's were determiruxl by the 
ferricyanidii method, as descrilied by Blish and Sandstedt (J3), using 
0.10 N ]-eag(‘.nts as suggested by Sandstedt (2S). the cooled 

(‘xtract 4 cc. of 10-p(U’C(‘nt sulfuric acid and 4 cc. of 12-perc(‘nt sodium 
Inngstate solution were added, ih(‘. volume brought up to 100 cc. 
with water, filtered, and a o-cc. aliquot of tlu^ filtrate taken for reduc- 
tion. It was realized that all of tlu* nonsugai* material which is 
capalile of reducing f(Tricyanid(‘ under the conditions of the method 
is not nanoved by the clarifying agents iistal. A conventional copp(*r- 
reduction method following alcohol (wtraction and haul acetate 
clarification was used as a standard and some 25 samples run by both 
this and the ferricyanid(‘ method. Assuming true valiums for reducing 
sugars by the copj)(U‘-r(‘duction unshod, it was possible to calculate 
the nalucing-sugar content of th(‘ material from tlu^ volume of ferri- 
cyanide ]*i‘ductMl. K(‘ducing sugars are conveniiaitly expressed as 
glucose. 

Sucrose was didermiiHal by a slight modification of the method 
proposed by Sandstedt A 5-cc. aliquot of the filtrate used 

aliove for reducing-sugar ([(‘termination was |)lac(Hl in a test tub(> and 
heat(‘(l in the boiling water bath for 7 minutes. This proved ade(|uate 
to hydrolyze th(‘ sucrose. Aft(*r cooling, the forricyanide solution was 
added and nxluction carried on as customary. Subtraction of the 
volume of f(‘rricyani(l(^ reduced in th(> previous (let(u*mination of 
reducing sugars from this final total voluiiK'- of n'duci'.d ferricyanido 
gave th(^ reduction attrihutable to inverted sucros(*.. 4410 use of the 
sucrose-ferricyanide. table of Sandstedt {^0) permitted j'eady trans- 
liosition into milligrams of sucrose. A (Mimparison of this method 
with tlu^ conventional hydrolysis and copp(vr-red notion procedure 
showed close agre(Mnent between the two. 

METHOD OF HECOHDING RESUI.TS 

Ther(^ has been considerable variation in the manner in which 
investigators have (vxpressed the sugar content of plant material. 
Sugar content has been reported as ])(vrcent of dry weight, penuuit of 
green weight, wiught per 100 plants, and as iiercent in the water 
actually present in the fresh plant tissue. It is obvious that if the 
sugar contemt of the plant is considered significant by reason of its 
osmotic effect its nde as a solute must be the important factor, 
vvhether or not osmotic relationships are of prime significance in cold 
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resistance ihevo is no appar(>nt disadvantage in usinj? this iiK'thod of 
ex[)r(‘Ssion. Accordingly, sugar is recorded as the pcu'cent ghicos(*, or 
sucros(‘, in the total water actually present in the fresh, green seedling 
material at the tinier of analysis. 

EXPERIMENTAL RESULTS 

THE H.\R1)ENIN<; PROCESS 
General (Considerations 

To be comparable to natural field hanhuiing, any iiKdhod of arti- 
ficial low-temperatur(i hard(>ning should produce comparable jdants 



DAYS HARDENED 

Figure 1. — Increase of dry matter and sugars in tlie leaves of C-lieyennc wheat 
during the 8 weeks of controlled hardening. Inserted temporal ures are those at 
whicli a 24-hour exposure resulted in 20 percent of the plants lieing killed. 

l)oth as regards physiological and morphological make-up. wSimeson 
and Peltier (318') have indicated tliat with wheat seedlings und(‘r con- 
trolled low-temperature hardening (29° to 35° F.) the ma.ximum 
d(^gree of cold resistance is reached in 3 weeks. They likewise found 
(34) that after this period of hardening the cold r( 3 sistance of the plants, 
as measured by freezing tests, was much less than that of field-hard(‘ned 
material. Theur data indicate effective freezing temperatuies to be of 
the order of —11® C. for the control-hardened as compared to —20° to 
— 24° for the field-hardened material. Further suggesting that con- 
trol and field-grown plants were not strictly comparable is the obser- 
vation of these authors (32) that during 3 W(^eks of hardening the 
decumbent stature of the seedlings increased only ^^sonn^what.'^ 

The present work does not support the above conclusions. 

Figure 1 shows the physiological changes taking place' in the leaves 
of one representative variety of winter wheat during a ])rolonged 
period of controlled low-temperature hardening. Temperatures 
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iu>cossai*y to kill approximately 20 percent of the plants uruh^r a con- 
trolled 24-h()ur fre(‘ze ai*e indiea.t(Hl at various stages of the hardening 
period. I t is apparcait from figure 1 that at least 7 wcudvs of continuous 
low -temp(‘ratur(* (2*^ hardcMiing were necessary before the maxi- 
mum hai'diness w-as attaincHl. Dry-matter and sucrose content in- 
(U'eased throughout, tliis p(‘riod as did tin* n?sistanco to freezing. Re- 
ducing sugars as glucose*, rc'ached a maximum during the first 2 to 
wc^eks of liardeuing and showed little (piantitative cliange from then on. 
The actual inci'eaise. in cold i-esistance appears to be correlated best witli 
chang(>s in dry -matter and sucrose content. 

Tli(‘ (‘liange'S taking j)la.ce under artificial hardening seem closedy 
comparable to cliang(>s wdiich may be observed undeu' natural field 
coiulitions. VVlien tin* secMllings are placed in tlu^ hardening room 
grow til is greatly r(>tarded. The heaves gradually become “crisp’^ 
and assume* a. darkevr gre'eai color, ( jreiwth habit be*come*s progressively 
more de>cumbent as the pe*ak of hardiness is approacheel until the 
plants finaily assumes a type of growd/h j)ra,ctically indistinguishable 
from tliat of field-hardened matea*ia.l. 

Figure* 2 illustrate*s the elecumbeuit iuibit eif artificially haideneel 
plants. Th(> tw'o ])lants at A are typical of w edl-harelemeul seedlings. 
For contrast, the plant at B was sedectenl from similar plants wdiich 
had ])asse*d through th(*ir deirmancy anel started active ^ ‘spring’^ 
growth. Their roots and all deaiel material were reme)ve*d from the 
plants illustrated in figure* 2 be‘fore* the‘y w^ere photograplieMl. 

Artificially hardeaied wheat plants cleisedy re^semble fiedd material in 
physiological make^-up and actual cold re*sistance. This was exstab- 
lished by comparing ci'own a.nalyse*s on comparable^ wdieat ])lants 
both fiedd a.nel artificially haideneel anel botli at their a])proximato 
maximum cold re^sistance*. The fiedd material containeel 2().()5 pec- 
e*(*nt of dry matter and 9.1 1 percent of sucrose; the artificially harelened, 
26.55 percemt of dry matter and 11.57 percemt of sucrose. In both 
case's the* teunpe>ra.ture^ nece*ssary to kill 20 pe*rce*nt of the plants w^as 
of the same order, i. e., wdthin a ele^gree of —-20° C. From the fore>going 
it appears ew ielent that artificial hardening is to a high de^gree com- 
parable} to thei processes involve*el in natural fielel hareleming. 

Lkiht and Hardening 

Several authors have e*stablished that liglit is necessary for the 
neirmal harde*ning of win tec wheat plants. In aelelition, Dexter (5) 
has deanonstrateel that under conditions of constant low-temperature 
hardening of whe^at greaite^r colei rexsistance devedops under a long 
than under a short elay. Controlled harelening teedmic is w^edl aelapteel 
to studies of this nature*. 

In the early fall three secies of flats, each flat containing the same 
six varieties of wintec wheat, wecc placed in the hardening room anel 
helel at three different levels of light intensity for 43 days. The 
diffeiremt levels of light intensity w-ece} obtained by shaeling, and con- 
sisted of imshadeHl or *‘full liglit,’^ slightly shaeied or “inteemediate 
light,'' and heavily shndexi or ^dow light." At the end of the 43-day 
period of hardening several flats from each series were frozen for 
24 hours at —15° C. and the survival counted at the end of a 2-w eek 
recovery peciod. The average survival of the six varieties was 84 
percent for the ‘dull light," 64 percent for tlie “intermediate light," 
and 11 percent for the “low light" series. 
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Samples of the heaves of the Minturki and Bhickhiill varieties from 
unfrozen flats und(M’ ^‘full” and ‘‘intermediate’’ li^ht were analyzed 



Fkjure 2. — Deciiiiihcnt habit of artificially hardcncrl winter wheat plants (yl) 
compared to the erect habit of a plant in active growth (ii). 

for dry matter and sugars. The leaves of the plants under “low light'' 
were so yellow and necrotic as to make their use for analysis inadvis- 
able. Table 2 shows the results obtained. It is obvious that tlie 
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dt^crcasod ability to develop cold resistance under lowered light 
intensity is accompanied by a decreased elaboration of dry matter 
and sugars. 

Table 2. — The effect of two levels of light intensity during low-temperature hardening 
of wheat on the accumulation of dry matter and sugars 


nry-iiiattor and sugar content under— 


V ariet y 

Full liffht 

Intermediate lijiht 


Dry 

matter 

Sucrose 

Glucose 

Dry 

matter 

Sucrose 

Glucose 


Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Minturki .. 

20. 28 


0. 40 

17 . 40 

J. 17 

0. 20 

11 lack hull - - 

18.95 

2.13 

.39 

1(). 2.3 

0.54 

.14 


Since I'iidiatiori is important in the development of cold resistance, 
a diurnal variation in cold resistance would b(‘ anticipated; i. e., cold 
resistance* should reach its peak in the afternoon, drop somewhat dur- 
ing the following night, and then climb again during the succeeding 
day. Martin (IS) and Salmon (Mi) rcfiorted that they found a decided 
tiMidencv for hanhaiing cer(*al plants to lx*, injurtal mon* by day 
fr(‘(*zing than by night fre(*zing. Tin*, diurnal variation in carbo- 
hydrate* ri'serve is illustrat(*d in table 3. The data. re])orted arc* the 
average's of crown analyses for thn'C varieticis of hardening winter 
wdieat plants grown in soil in 1939 and for two seri(‘s grown and 
hanhuH'd as sand cultures in 1940. These data slunv that an incnMise 
in dry-niatt('r and sugar content during the day is followed by a 
decr(‘ase during tin* night. It is significant that the decn'ase is only 
to a point consich'rably abov(^ that of flu* morning before*. The 
liardening ])rocess may then be expressed as a zigzag j)rogression, 
the cold resistance on each succ(*ssive morning, though not (*qual to 
the liighest point reached tin* day before, being an effective increase 
over that of tin* morning Ix'fore. This of course* assumes optimum 
h ard(*n i ng co 1 1 e 1 i t ions . 


Ta BLE 3. — Diurnal variation in the dry-matter and sucrose content of hardening winter 

wheat seed I irufs 


Ciiltiin* mcdiiini and sainiding time 


Soil culture; 

.Mar. IM, 19:19—9:00 a. m ... . . 

Mar. 2 : 1 , 19:i9-r):00 p. rn 

Mar. 24. 19;i9-9;00a. m . 

Sand culture: 

Mar. l.'i. 1940 9;(H) a. in 

Mar. IT), 1940— fiiOO p. m . 

Mar. If), 1940— 9:00 a. m 

Mar. If), 1940 .I.OO j). rn . 

Mar. 17, 1940- 9:00 a. m . . . 


Ory ! 

matter | 

Sucrose 

Percent 

Percent 

25. 17 

S. 55 

20. 73 

10. 55 

26. 57 

9. 94 

23. 10 

8.94 

24.70 ! 

' 10. 92 

24. 15 

10. 45 

25. 65 

11.66 

24. 74 

11.01 


As regards the influence of varied length of day during continuous 
low -temperature hardening there was no pronounced eflect. So far 
as could be determined hardening progressed with about the same 
effectiveness either under the increasing day lengths of late* winter 
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arul onrly spring or iiiulcr tho day lon^llis of fall and early 

wint(‘r. TIk^ sann* inorpholopeal and eaibohydrate cliang:es took 
plac(‘ during (‘itli(‘r jx'riod, jesulliii^ in tli(‘ development of approxi- 
matdy th(‘ sani(» d(‘^re(‘ of cold resistanee. 

THE l)EHAJil)ENlN(J PROC ESS 


J t lias l)(‘en iiidieatc'd above that by deliardenin^ is meant the pj-oeess 
wli('r(‘by barden(‘d winter-wbc'at seedlings are caused to losci a sub- 
stantial part of (b(‘ii‘ cold j-(‘sistance by traiisfcvrring them from low 



Fi(!TJUe 3. — Decrc^asc^ of dry matter and sugars in the leaves of Minturki wheat 
during 7 days of high-temperature dehardening. 


temperatures to the lngh(‘r-temperature conditions optimum for 
active growth. S(‘vi*ral investigators have demonstrated this loss of 
cold resistance under the iniiuence of temperatures hi^h enoug:h to 
stimulate activily. Laude { 14 , bi particular has made an ex- 
tensive st.udy of the transition of winter cereals from dormancy to 
active g:rowth. He concluded that transition as (effected under 
favorable greenhouse conditions was (essentially comparable to winter- 
spring transition in the field. Coincident with a progressive loss of 
cold resistance^, he found an increase in water cont(ent and in the 
amount of expressed leaf juice, and a decTcmse in the total solid content 
of the sap. He likewise j)Ostulat(exl rc^sistance to loss of hardiness as a 
varietal charactc^ristic. 

Figure 3 shows typical curves illustrating the* changes in dry-matter 
and sugar content when hardened wintia* wheat j)lants are placc^d 
under temperature and light conditions conducive to active growth. 
In this instance the analysis was on the ‘Vhole plant,^^ only tlie roots 
and dead material being discarded. The plants had previously been 
held under controlled low-temperature hardening for 34 days and had 
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reached th(' \c\o\ of ]diysiolo«:ic. liardiness iii(lieat(‘(l in 3 by 

z(‘ro days delianhMiiuj^. 

WIk'U tli(‘ curve's of figure 3 an* cornpan'd to those* e)f houre J it is 
e)bvie)iis that the*re* is a striking similarity ])e(we‘e*n the* twe) pre)e*e*sse*s. 
Harele'nino; is ae*ce)m])anie*el by an ine*re^ase*, de*harele*nino: l)y a com- 
parable* eh*cre*a.se', in elrv-matter anel super e*e)nte*nt. In eelhe'i- weirels, 
de*harele*nin^ unele*i* the*se* e*e)nelitie)ns may be* ele‘scribe*el as a rapiel 
re*versal e)f the* le)w-t e*mpe*rature‘ harele*nin|C proe*ess. 

HOLE OF LEAVES, e:]U)WNS. AND HOejTS IN Ce)LI> UESlSTANe’E 

Be*fe)re* any atte*in])t is maele* tee ceerrelate^ coirijjosilion with e*old 
re*sislane*e*, le)e*alization e)f tin* plant se'ction re*spe)nsif)le feer survival is 
e*sse*nlial. Mejst inve*stijj:a, leers who have* atte*inj)te*el tee ceerre'late che*nii- 
cal com|)osit ieen eef winte*r ce*re*als with ceelel re*sistance* leave* use*d the 
](‘ave*s as aTialytie*al material. In fact, Newton anel Aneierson {23) 
state*el that ^‘the* leavers are* the orpins which dete*i*mine winte*r survival 
in wheat. 'rhe* importance* of the leave's in winter hare]ine*ss is 
e'm])hasize*el ley the* de'foliatieen e*xpe*riments eef De'Xte*!’ (6') a,nel vSniU'seen 
anel Pe*hie*r (33), who elememstrale'd that e*ithe‘r ai-tilicial or natural 
eie'lbliatieen inte*rfe*re*s with the normal harele*nin< 2 : ])re)ce*ss in winter 
whe'at. It is eenly natural that le*af survival anel Inirelenin^ sheeulel 
be* inte*ire*late*el since* the* ele‘ve*le)pme*nt eef colei re*sistane*e'. appare'iitly 
is associate*el with pheeteesynt he*t ic pre)ce*sse*s. 

Whe*n, hevwever, it is ele*sire*el to (*om[)are* varie*tie*s of winte*r whe'at 
as re'pirels e*e)lel re'sistance* at any spe‘<‘ilic time* elurin^ the*ir harele*nin^ 
])e*r*ie)el, atte*ntion must be* dire*cte*el (o this particular facteer rathe*r 
than to the p*ne*ral (jue'stieen eef ability to harele*n. Martin (19) anel 
Van De)re*n feeunel that the* le*a ve‘S of harele*ne*el winte*r whe*at plants 
we*re* le*ss colei resistant^ than the* creiwns. Van l)ore*n (3S) like'wise 
founel a elirect e*e)rre*lat iein l)e*twe*e*n the bounel water (‘e>nte*nt of tlie 
ci’owns anel e*e)lel re'sistance*, this relation be'inji^ just j*e‘ve*rse*el fe)r the* 
leaves. Jansse*n (/ / ) and De'xte'r (7) ce)nsiele*re*el the e*re)wns te> be* the* 
se*at e)f cold resistance* anel e*onfineel their analyse*s te) this se*e*tie)n eif 
the winter whe*at plant. More*e)ve*r, the* weiik eif flaiisse*n (12) wemlel 
su^p'st that the*, ei’owii is the* oidy e)rpin inve)lve*el in sin*vival of 
harde'ne*el winte*r whe*at plants. He re*ine)ve*el both le*af blaeh'S anel 
reieits fre)m fie*lel-p*own plants elurinfi: Fe*brua,iy anel March anel e*om- 
pareel the deve*le)})ine*nt freim the remaining e*re)vvns with the* ele*ve*le)[)- 
me'nt of eromparable* untouche*el plants. He* femnei some* elitfere*ne*e*s 
in p-owth but no decrease* in final yie*lel as a. re'sult of this drastic 
tre*atme*nt. 

in this inve'stigation, likewise*, it has be*e*n obse*rve*el that the* le*ave*s 
have little if any role in the ability of harele*ne*d winter wdieat se*e*ellin^s 
to survive low temp(*rature*s. For instance, many comparisons in 
frost re*sistance were made betw(*e*n harele'ne*d plants wdnch had be*e*n 
strippe*el of all tlu'ir leaf bhide*s inime*(liate*ly be*fore* fre*e*zing and 
duplicate unde*foliated plants. No elistin^uishable diffc're'nce* was 
founel in survival after the conventional 2-we*ek recovery period. In 
all case's, even with 100-])e*rcent survival, the action of the low tem- 
peratures resulteel in comiile'te* defoliation of the check plants, thus 
placing both sets on a coniparable basis. 

A more specific illustration was provie;led by the results of an 
expe'rinient designed for a.ne)the*r purpose. In a differential nitrogen 
nutrition experiment wheat was grown in sand culture, one part 
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receiving only ammonia nitroi^on, tlu' other exclusively nitrate nitro- 
gen. Aftt'r 3 weeks of growth the two series wore hardened for 11 
days, frozen for 24 hours at —15*^ C., and then removed to the warm 
greimhous(^ for r(icov(‘ry. Tlui day following the frc'ezc' the* plants of 
the nitra,t(' series appe^ared to be badly damag(‘d wdth all the', leaf 
growth completely dc^stroyed. On the oth(‘r hand, the h'aves of the 
plants in th(‘ ammonia series w-ere green, crisp, and showed little 
injury. This condition persish'd for several days after which period 
the leaves of the* jdants supplied only ammonia nitrogem turned 
yellow and killed back badly. About this tim(^ n(^w^ leaves were 
beginning to arise from the crowns of the plants in tln^ nitrate series. 
When tJie plants wer(‘ examined for survival at the (Mid of 2 we(‘ks 
7/> p(Mcent- of the jilants of the nitrate series showed active* iiew^ growth 
as compai‘(‘d to 11 perc(‘nt for those of the*, ammonia series. This 
diffen'iiec* in behavior could not be attributed to root survival, as 
in this instance the plants of both S(‘ries showed little root injury. 
If anything the plants of the* ammonia seri(‘s showed slightly l(‘ss root 
injury than those of tlu* nitrate* series. ()ii more dc'tailed examination 
it wMis found that lack of gjowth wmis directly assoc‘ia1(*d with the 
severity of crowm injury. 

Analytical data on crowns and l(*av(*s of diib'rc'nt vari(‘ti(‘S of 
harden(*d wint(*r wheat show’ that cold icsistance is incin* closc'ly 
corr('lat(M] with crown (‘omposition tlian with l(*af eornjiosilion. This 
becomes very striking in some instances. An exarnph* is shown in 
table 4, wla'ie^ two varieti(*s of soft red winter wdieat are compared 
as to relative* cold r(*sistance of liard(*ned se(;‘dlings and composition 
of compai*abl(^ material. The di‘y-matt(*i‘ and sugar (‘ont(‘nt. of 
Kawvah* crowns is consid(*rably higlier than that of Fulcast(‘r crowns, 
thus showing agi‘(*(*m(*nt with relative cold resistance*. On the* oth(*r 
hand, the* ])()sition is just i*eve‘rsed for the h'aves: the* elry matter arul 
sugar content of the‘se organs b(‘ing higheM* in the^ le*ss cold-i‘e*sistant 
plants. 


Ta hle 4. — (^oin pariHon of crown and leaf C07n position of two vorictics o/ irinlrr irhcat 
with their relative cold resistance 


\ 


arioly 


Kawvnle- 

FuU-fister 



e'rown coiDpusitii'n 

J.eaf coTiiposilioTi 

Freez.iiifr 

survival 

■ 

Dry 

jiiaiier 

... .. 

Sucrose 

( iiiU'ose 

Dry 

iimtier 

Sucrose 

(ilucose 

Percent 

HI6 

Vil 

Percent 
20. .".(1 1 
10.10 I 

Percent 

0. 18 
4.00 

Percent 

0, 72 
.62 

Percent 
21. 70 
21.08 

J*trcent 
\ 2.24 

I 2. 60 

Percent 

0. :ii 

.:m 


The* roots of w^int(*r ce'reaJs have j-eceived very little atte*nti()n in 
considerations of cold re*sistance. Zacharowa {89) attempted to cor- 
relate r oot composition and cold resistances of rye plants. Lamb (1^^) 
made an extensive study of the varietal characteristics of wheat roots 
as relate^d to winter injury, particularly by soil heaving. Suneson 
and Peltie^r (81) noted that the roots of lierd-harde*n(*d winter wheat 
plants were less colei resistant than the crow^ns. This was confirmed 
by the present, authors for soil-grown, artificially hardened plants. 
In addition, the problem was further clarified by the results of differ- 
ential nutrition expeiMme*nts wdth sand cultures.' 
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Many tliousiuids of sand-cultiiro-grown whoat plants Jiave been 
hardened, frozen, and subseciuently examiiUHl in detail for root, 
crown, and leaf injiny. No (‘orrelation whatever has been found 
b('twe(Ui root survival and plant survival. Many instances were 
noted in which complete killinj' of the roots was coincident with 100- 
perceiit survival of the plants associated with these roots. On the 
other hand, under certain nutritional treatments instances were 
noted where the tops of plants showed 100-percent killing in spites of 
excellent root survival. 

Tb(‘ role of dillenMitial nutrition in (iold r(‘sistanc(*, will not be 
consid(‘r(Hj in this pap(u\ For the pr(\sent purpose one s(U*i(rs illus- 
trating* the relationship between root injury and plant survival is 
pi*esent(‘(l without any consideration of th(‘. nuti'itional significance. 
The data are presented in tabh'. o. The ditT(‘rent types of nutrition 
are rei)r*es(‘nt(Ml only by letters. Plant survival is (‘xpr(\ss(>d as exact 
])ercent and root survival as sixdifienuit hn (‘Is from zero to 100 ])erc('nt. 
The only conclusion permitted by the data, is that, und(‘r tln'se condi- 
tions, root injury is of no conse(pi(‘nce in tin* cold jesistanee of the 
plants. 


'r.Moa'’. 5. — Cinn pari. son <tf plant .survival with jnot injury for pointer trhral grown and 
hardened under 11 different nutrient condition.s indicated hy letter 
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’ ‘‘Roof, siirvivijl" i.-! on ohservod fro.st injury, l(M)-i>orcont survival inriicatinp: no injury and 0 imli- 

oatiriK oornplct.c' killing'. Root, injury was ostiniHtVMl on tlie basis of tlio deforce of disco lorat ion and tLssuo 
bmak-dowii wluni i lie plants w(T(; oxaininc<i for survival 2 works uflor freeziuj?. 


The above data sugg(‘sl that the cold lesistance of wlnait roots is 
of slight consecpience in the survival of the frozi'ii wh(‘at plant. 
AccoJ’dingly, little attention has been directed towards the d(‘t(‘rmina- 
tion of the carbohydrate reserves of these organs. For incidental 
information a few analyses were made on the roots of hardened wheat 
plants. Tb(‘ average (lry-matt(U* and sucrose* eontc'nt for the roots of 
the plants in five* s(*ri(‘s under dilhuential nutiitioii was 15.05 pevreent 
and 8.75 perceuit, r('sp(',etiv('ly. Analysers e)f th(‘ cre)wns e)f tlier same 
plants she)wed the elr^^-matteT anel sucroser e‘e)nte*nt e)f therse organs 
to be 28.57 perrceuit anel 12.42 peTcemt, re‘spe‘ctive'ly. 

V.VRIETAL DIFFERENTIATION 

The devedopmeuit and maintenance e)f c,old resistancre, while? not 
the only factor goveuTiing the wintea* hareline'ss e)f wheat, is in many 
areas the chief one. Eveai when ce)nsielering this one factor of lenv- 
temperature harelening severral mexlifying fa e* tors must be takern into 
account. The relative winter hardinerss of a, particular variety will 
depeaid not only on the maximum cold resistance which it can attain 
but also on the speerd with which it can reach this lervel and its re- 
sistanere to dehardening influeriicers. The importance of the leaves 
in the hardening process should not be underestimated. It is their 
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functioii to rarry on tho ni(‘taboli(*. i)roc(‘ssos leading to the develop- 
ment of cold rt^sistance in tlie (;rown tissue. It is, then, essential 
that the leaves d(‘velop suflieient (*old rt^sistance so tliat their survival 
may permit the fullillnKait of this function. 

Figures 4, 5, (i, and 7 show graphically C(U*tain composition changes 
taking i)la(*(^ in tlie six pn'viously d(>scribed varieties of winter wheat 
wlien subj(M*t(‘d to uniform hardcuiing ajid dehardening influence's. 
In all case's both tliei glucose and sucrose content are', expre^ssed as 
pe're'ents ejf the water prese'ut in the? i)]ant tissue. Tlie data will be 
e'onsiele'i-e'd inde^pe'nele'ntly as experime'nts A (fig. 4), B (fig. 5), anel C 
(figs, f) anel 7), anel the'ii in re'Iatiem to eae*h otheT. 

TJie* male'rial of e'xpe'rime'nt A was grown in the usual manner in 
the warm gre^'iihouse' anel tlie'n transferreMl tei c'erntreilled low-tenifiera,- 
ture^ hai'deuiing conditions eni Octeiber 27, 11)37. Several flats of 
Te'iineisse'e' wdnte'r barle'y anel of Alarepiis s])ring wlu',at were incluele*el 
feir comparison. As a, consequene'e eif unseasonably warm weatlier 
eluring iho (*arly greiwth stage', it proveel impossible with this one' 
seu-ie's to maintain tenqje'ratures as low' as the ele'sire'el 07° to 70° 
F. This re'sulte'el in a rathe'r rank growth anel necessitateel a 4-wee*k 
greiw'th pe'rioel be'fore the elesireel unilVirmly tille're'el se'e'ellings we're 
obtaineel. Conseepiently w4ie>n subje'cteui te) harde'iiing the seeellings 
W'ei’e a we'e'k oleler, large'i*, anel more eu*e‘ct than those of e'xperiments B 
anel C. 

Afte'i* 30 elays of ceintrolle'el hai*dening, se've'ral flats of the material 
in experiment A w^'re frozen at — 1 5° C. feir 24 henirs anel survival eh'ter- 
mine'el afte'r a recove*ry pe'rioel of 2 we'e'ks in the', w^arrn gre'enhemse. 
The> pe're*eMitage survival fen* the^ six winte'r whe'a.t varietie'S was 
Minhareli 8() perce'ut, Minturki 90, Clu'ye'nne' 78, Kaw vale 74, Black- 
liull 01, anel Fulcaste'r 7)9 pe're*e'nt. The'se elata sheiw- fair agree'ine'nt 
with the tie'ld responses as given in table 1 anel inelie'ate that the' varie'tal 
response* to cemtreilleel hareh'iiing approximate'S aveu*age tielel survival. 
Winter barle*}^ anel spring wheat, hareleneel anel frozeui in an ide'ntical 
manner with the' above treatment, she>vveel zero survival. 

Analyses w'e'j*e' inaele on the leN'ives at iiileuwals eluring a 44-elay 
harelening peTioel. As may be se'en from figure 4, the behavior of this 
material W'as quite^ erratic. Howe'ver, certain ge*ne'ral tremds may be> 
established. Dry -in at ter conte'iit increaseel re'gulai’ly and rapielly 
eluring the fii’st 10 te) 20 elays of harelening, after which timei the' rate 
e)f incre'ase was somewhat less pronounced. lieducing sugar e*onte'nt 
hael a, simila,r trenel. The' curve for suernse content she)w\s veiy little 
incre'ase eluring the first 9 days, a very rapiel ineu*ease during tlu' ne'xt 
few' days, anel a se)mcwhat sle)w^er rate^ of increase eluring the' remainde'r 
of the harelening perioel. As far as varietal trends are c'once'rneel the 
correhition with knowm colei re'sistance or with fie'ld-exhibited winte'r 
hareline'ss is ])e)e)r except that the elry-matter anel sugar curves fe)r tlie 
thre'e*. most e^olel-resistant varietie'S arc consieh'rably higher than for the' 
threH' varie'ties of lesser e*r)ld i-e'sistance. F>eczing elat-a sheiw eel separa- 
tion into thre'e groups: Minhareli anel Minturki, high; Cheyenne anel 
Kaw'vale, interme'eliate; anel Blackhull and Fulcaster low. The 
lironounceel lack of ability of the wdnter barley and spring wheat to 
attain any high h'vel of reserves agreed wee'll vvith observed freezing 
reaction. 

Afte?r 49 days of liardening a numbe'r of the flats of e'xpe'riment A, 
similar to the flats useel to obtain hardeuiing data, were' removed to the 
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days hardened DEtHARDENED 

Ikujhe 4. — Increaso and decrease, duriiij? hardening and dehardening, of dry 
inaUer and sugars in the Jeaves of six varieties of winter wlii^at liardened during 
yie perioci October 27 to J-)ecend)er 10, 19157. Samples taken aft(‘r 0, 2, o, 7, 9, 
ly days of harden ir>g and after 0, 1, 2, 3, and (> days of deiiardening. 

Experiment A. (Tennessee winter barlev and IVlarcpiis siiring wheal are shown 
for comparison.) 
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Figure 6. — Increase and decrease, during hardening and dehardening, of dry 
matter and sugars in the leaf blades of six varieties of winter wheat hardened 
fieriod February 10 to Axjril 4, 1938. Samples taken after 0, 12, 
30, and 53 days of hardening, and after 0 and 3 days of dehardening. Experi- 
ment C. (Tennessee winter barley and Ceres spring wheat are shown for 
Comparison). 
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()9° F. ^r(M‘iih()us(' and half aiialysos mado at intervals diirinp: a 6-(lay 
dohardtMiin^^ period. As with the liardeiiing plants, tlu' nature of the 
growth result'd in iniavoidable sampling (UTors and erratic results. 
However, definiU* and significant tnuids may ))e s(‘(‘n from figure 4. 
There is the usual progr(‘Ssivc loss of rc'servcs. How(‘ver, the leaves of 
Minhardi and Kawvale rc'sisted this loss to a jjronounced degree. 
Th(^ net rc^sult is that the' effect of dehardening was to oriemt the 
vari(4ies in approximately the sanu' manner as is ohs(U'ved in field 
behavior. Ev(‘n after 0 days of dehardening the two most winter- 
liardy varietic^s redaim'd iht‘ir reserves to a relatively high d(*gree. 

Experinumt B was carried out with the same six varietic'S of wirdxT 
whcait as prc'viously described. The scud was plantc^l November 22, 
1937, and grown for thrt'e weeks at 67° to 70° F. At tln^ end of this 
period th(‘ se(Mllings were in good condition for hardeming and analysis, 
i. ('., actively tillerc'd and exhibiting a uniform sliglitly dc'cumbent 
growth habit. Idie flats were tluai remov(‘d to the hardeniiig room and 
leaf sam))l('s taken for analysis at intervals during a r)7-day hardevning 
])(U*iod. 

As a clu'ck on the relative' cold resistance of the wheat varieties 
s(‘V(‘ral flats of mate'rial in (‘Xpe'riment B were frozem aftt'r 37 days of 
hardening. A fi'('('zing tr(‘atni(‘nt of —17.5° C. for 24 hours followt'd 
by a 2-W(‘(‘k recovery pe'riod r(*sulted in the' following percemtage sur- 
vivals: Minhardi 02, Minturki 62, Cheye'une 50, Kawvale 47, Black- 
hull 13, and Fulcaster 12 pc'rcent. "Idjcse data, confirm those found 
for th(‘ material of (‘X])(‘riin(‘nt A inasmuch as th(‘ idative* cold resist- 
ance of the* vari(‘ti(‘S during controlled hardening is close'ly comparalile 
to known av(*rag(* wi nt('r-h a rdiness response'. 

Data for dry mattei*, glucose, and sucrose' in tla^ jilants of e'xperi- 
nuait B are* pre'se*nte‘el in tlgui'e* 5. The leave's eif the'se* plants showe/el a 
])re)gi*e'ssive accumulation eif dry matte'r anel sucrose* throughout the 
whole hardeming pe*rioel. On the e)the*r lianel, re'ducing sugars ac- 
cumulate'd rapielly during the first few days, inci‘e'ase*d sleiwly up to 
abeiiit 4 weeks of liarelening and th(*n remained fairly constant for 
the re*mainde‘r of the 8 wee'ks. The* harele'ning curve's show that some 
de'gree* of varietal orientation is ajipare'nt almost freim the initiation of 
hai’ele'ning, this e)rie*ntation be'e'oming more pronounced witli time'. 
The'i'e* is again the* tenelency for the* varieties to se*gre*gate* into two 
groups inste*ael of the* three groups inelie*ated by fre'e*zing e'X|)e*riments. 
This is the' result of the* leave's of the Kawvale* varie'ty having about 
the same* content of sucrose* and dry matter as theisei of Fulcaster. As 
])ointe*el out in table 4, the* leaf composition of these two varieties 
tends to be similar, re*gardle*ss of the highe*r degree of cold resistance 
exliibite*d by the Kawvale plants. 

Afte'i* 34 days of harde*ning a numben* of flats we're i-emove'd to the 
()9° F. greenhouse* and samided at intervals over a 7-elay dehareh'ning 
pe'riod. The whole plant, l(*ss only the roots, was use*el for analysis. 
The* data are recorele'd in the dehard(*ning curves of figure 5. These* 
curves show the same? smoothness as those for hai'de*ning. Two or 
thre*e days of de'hardening resulted in the analyses showing a cle)se 
correlation with winte'r-hardiness re'sponse. In fact at the enel of 2 
days of dehardening the variedies lined up in the (*xact order of known 
ri(‘ld response. Minhareli, and to some c^xtent Minturki, leaves 
showeel rt'sistance to dehardening. 
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ExporiiiKMit C was carried out with thc^ same six varic'Aies of winter 
wlieat as used for the previous (*.xp(»rimenls. Thn>e weeks aft(u* the 
planting daU' of January 20, 1938, tlie flats were rtunoved to tlie hard- 
(Uiin^ room and hardcuK'd in the customary manner for 53 days. 
Samples were taken at 0, 12, 30, and 53 days of hardening. After 53 
days of liardening s(‘veral flats were dcJiardened for 3 days, sampling 
being done at the end of this jxuiod. All samples W(‘r<‘, divided into 
two fract ions for analysis, namely, the leaf blades ajid the crowns, and 
analysis carried out on each fraction in(l(*pendently. K(‘sulls for 
dry matt(‘r, glucose, and sucrose are recorded for the leaf blade's in 
figure' 0 and for the crowns in figure 7. The sucrose conte'ut of Ten- 
ne/ssee' winter barky and of Ceres spring wheat wc're included for 
comparison. Because of shortage* of matenual no elata on fr(*e*zing 
survival was e)btaine‘-el for the hardening plants of experime'nt C. 

The data of figure* G again show^ a pre)gre*ssiv(* increase* in eb'y matter 
anel sucrose over the whole hardeniing ])ei‘ie)d, this incre'ase* l)eing 
somewhat more marked in the later stages of harde*ning. The* curvi's 
for glucose again show an initial accuinulatie)n followed by ve'ry little 
further increase. The teTuk'ney for the usual orieuita.tie)n into two 
grou])s is marked. Three days of de‘hard(*ning n'sulte'el in a good 
agreement of analytical and winter-hareline'.ss elata, with .Minhardi 
leaves showing the usual re'sistance to elehardening. As in experi- 
ment A, the leaves of both the* winter l)arley anel tin* spring wheat 
show(*d a j)re)noune‘e*el lack of ability to aex'umvdate* sue're)se*. 

The e’urves in figure 7 show a. pronounceel and progressive* ine'rea.se 
in elry matter anel sucrose content in the cre)wns thre)ughout the 
entire* harelening peaie)el. The)se for glue*.e)se* she)w the same* ty|)e of 
rapid initial ineTe\‘ise* followeal by little furtlu'i* accumulation as 
observe*d for the l(*ave^s. Orieuitation into the three gre)U})s estaldished 
by freezing exf)(*riments is appare*nt for sucrose content at 30 days of 
harelening anel is maintained at 53 days of hardening. The cui’ve'S 
for dry-matte*r e'-e)nte*nt she>w fair corre'latie)!! with ce)ld n*sistance, 
especially at 53 elays of hardeuiing. Three elays e)f ele>hai-dening 
chaiiges the* relative position only slightly but what change there is 
tends to give^ a highe*r de^gree of coiTelatie)n between composition and 
winter-hai’diness re'sponse*, especially as legarels dry-matter conte'nt. 
As with the leaves, the crowns of the bar]e*y anel spring wheat se'e'eh 
lings showed little ability to ae'ciimulate sucrose. As might l)e^ (*x- 
pecteel, the winter barley was intermediate between the spring anel 
winter wheat in this respect. 

Comparing the* leaf-blade and crown analyses fe)r experiment C (figs. 
6 and 7), it is obvious that tire dry matter and content the sucrose 
content of the ernwns are correlated to a greater degree* with variedal 
fieJel winter hardiness than are those of the leaf blade*s. In addition, 
the redative crown composition is in excellent agreement with the 
freezing response shown by the.se artificially hardened plants in 
experiments A and B. In this particular expe*riment the leaf blades 
exhibited a higher dry-matter content than the crowns throughout 
hardening and dehardcning. On the other hand, the sugar content 
of the crowns was consistently higher than that of the corresponding 
leaf blades, sucrose alone reaching, in the hardiest varieties, a con- 
centration of over 10 percent calculated on the water basis, or over 25 
percent of the dry matter present. 
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Direct c-omparision of the tlirc'e hjirdcaiing; periods rc^prc'seiited 
by exp(M‘iinents A, B, and C can be made only with rc'spc'ct to leaf com- 
position. However, tlu' lu'snlts of experiment C snggc'st that the be- 
havior of the leaves givc's a fair indication of th(‘, magnitude of change 
taking place in tln^ crowns. It is apparent from the data for the three 
experiments that the greatest accumulation of reserves occurred in the 
leavers of those plants hanhuHnl through tlu^ latter part of Dt^cember, 
January, and the first part of F(‘bruary (experiment B). V(uy close 
b(‘hin<l w(U*e those plants ha-rdem^l through K(‘bruary and Marcli ((‘x- 
ptM’iment C). This diherence secans to be the result of tin* mor(‘ rapid 
hardening of the B plants during the first 30 days. In both cases the 
reducing-sugar content shows a similar response' to low temperatures 
and cannot be* conside'red of gn'at sigjiificance in tli(‘ general hardening 
picture with tli(‘ possibles (‘XC(‘ption of the* early stage. 

The plants showing tlu' least ability to accnmulatc' re'serves were 
those hardi'iK'd during Nove'mber and the first part of De'cember 
(exj)erim('nt A). 33i(‘ lack of hardening ability, as w(‘ll as tin' erratic 
results shown by this scu-ie's, may be in part attributable' to the nature 
of growth. The fact that the' plants of e'Xi)e'rime'nt A we're e)lelc*r, 
large'!’, anel not i)e)sse‘sse‘el e)f the same de'sirable' winter habit as those of 
the' eitheu’ two se'i’ie's make's the' re'sults of sennewhat ejue'stionalde 
signiheane'e'. JTowe've'i’, the'y do inelicate' the', type e>f growth which is 
uneh'sirable' for ce)n tre)lle‘d harelening anel sugge'st that the' harde*ning 
j)re)e'e‘ss is nieidifie'el by the' plant’s growth habit. Dnele'r the', ceinstant 
leiw-te'inpe'rature' hareh'iiing e'e)neUtie)ns the' nature of the' re'sjjonse of the 
wild e'f whe'at ])lants to harele'iiing uneh'r de'creasing elay le'iigths (experi- 
me'id A) is little' elilfe're'id from that iineler the influeiu’e' of increasing 
day lengths (e'xperime'nts B anel ( ■). 

(h-own analyse's weuc inaele on the mate'iial of e'xpe'rinie'iit B at 57 
days of liarde'iiing e)nly. At this stage' e)f hareh'ning the' six varieties 
siuJWe'el a range' e)f freun 27. (>5 te) 24.43 j)e'ree'nt elry inatte'r, freun 12.29 
to 9.77 ])erceid sue*i*e)se‘, anel fre)m 1.00 to 0.83 j)e‘ree'rd reducing sugars 
as glue'ejse'. Ce)mparing the'se' data with the)se e)f the e'X})erime'id. C 
crowns as re'e'e>rele'el in ligure 7, it is appare'ut that the* plants harele'iie'el 
during late winte'r slujwe'el a seune'what gre'ate'r ace’umulatie)n e)f re'se'rves 
than diel the>se' harele'iie'el eluring e'arly spring. It is epie'stionable 
W'he'the'i; or imt this elitfe'rence is suffie’ie*nt te) indicate any gre'ater 
eflie'iene'y of harde'iUTig elui’ing the* somewhat shorte'r elays ])re'vailing 
when the plants e)f e'xpe'rime'iit B we*re* grown anel harele'neel. 

The* elata e)f e'xpe'rime'id.s A, B, anel C' inelicate that Minhareli plants 
she^w re'sistiince* te) loss e)f re'serve's wlien the ])lants are subje'e'ted to de*- 
hardening e’onelitions, this be*ing particularly true for the leave's. That 
this is likewise true* for ce)id resistance was de'inonstrate'el by fre'e'zing a 
numbe'r of flats e)f de'harelening i)lants. The material useel was part of 
experiment C anel was that remaining when this e'xperiment was 
te^rminateel. At this time, C'arly April, high outsiele te'mpe'ratures made*, 
impractical the mainte'nance> of sustaine'd low te'mi)eraf,ure's in the 
hardening room. During the* succee'ding 3 weeks refrigeration was so 
inani})ulated that elay te'inperature's were maiidaineel at 05*^ F., and 
night temperature's gradually incrcase'd until at the end of this })e'riod 
the}y, too, approximated 05® F. Seve'ral flats of material were frozen 
after 10, 10, and 23 elays of this deharde'ning tre'atme'nt. A constant 
temperature and perioel of freezing was used, name'ly, —17® C. for 24 
hours. The results are give'U in table 6. 
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^’ARLE V>. ('ol(l resistance measured by survival of fl winter wheat varieties, frozen 
at —17^ (7 for 2J^ hours, after 10, 16, and 23 days of sloiv dehnrdeniny 
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Th(* dalM of tabl(‘ 6 sliow that tlio Aliiiliardi variety lias proiiouTicod 
r(\sislanco to d(‘hard(*Tiin<j: iiiflij(Ui(*os. Even aftta* 23 days of (J(‘lia.rdeii- 
when Blackliull and Fijlcas(.(‘r wer(‘ eoin|)let(‘ly kill(‘d and Alin- 
turki, C^li(\yenne, and Kavvva.l(‘ sJiowed less than JO-pereent. survival, 
00 p('rc(‘nt of tlu* Alinliardi plants w(‘r(» in a(‘tive growth aftcM- a 2-W('ek 
r<H*o V(‘ry ixaiod . 'FIh^ results el early iiidieat(‘ 1 ha t tin* resistanet' which 
th(^ Alinhaj-di variety shows to loss of reserves durin<.i,- deliardeninn; 
coincides willi an ability to retain cold resistance. 

DISCUSSION AND CONCLUSIONS 

Climatic conditions vary wichdy in diUVnuit regions of th(‘ wintiu* 
wheat. fi!:rowun^ arc^a of IIk^ Ignited States. Consi(l(*rin^ wintia* hardi- 
nc'ss only from th(‘ (*old -resistances aspee’t, it is obvious that the i'(*(juire- 
nnuits for a. variety to be wintea* hardy in a soutli(‘rly latitude' are' not 
ne'ce'ssarily the^ same as those permittinjz: winter survival in a re‘^’ie)n 
farther nortli. For (‘xamph', h't us postulate' a the‘e>re‘tie?al ^‘wintt'r’' 
climate' whe're early fall frosts are te) r)e‘ antiedpate'el, whe're e'xlie'nu'ly 
low wintcM* te'inperat lire's are exce‘ptie)nal, anel whe're fre*e|ue'nt warm 
pe'iioels alti*rnate'. with cold throughout the winte'i*. A variety with 
fave)rable wdnter hareliness fe)r this spee'ific e*Iima.te> she>ulel rapielly 
attain a eie'gre'e of e‘e)ld re*sistane*.e' in the fall, and while', a hi^h h've'l e)f 
ceild r(*sista.nce* is not ne'cessary at any pe'rie)el, re'sistance' te) the' eh'harei- 
e'liin^ inlliK'nce* e)f high t('mpen*ature‘s is e'ssential. Ale)dificatie)n e)f the 
climatie'. conditions jiostulateel above neMH'ssitate^s me)elificatie)n of the^ 
winter-hareline'ss charae-teaistics whie*h we)ulel epialify a varie'ty as 
ieh'ally aeiapt(*el. The difficulty of obsei’ving such varietal charae‘t(*r- 
istie's in the fie'ld sugge'ste'd the pre'se'iit stueiie's in whie*h the' re'ae‘tie>n 
tocontrolleel hardening and eleharde'ningconelitions may be dete'rmine'e!. 

When winter wheat plants were grown with uiiiform soil conditions 
and harderuMl undc'r exaedly e’omparable ce)nelitie)ns of low tempe'rature 
anel light, ine*reases in elry matter and sue*]-ose e*e)nte'nt we're coincieh'nt 
with increases in cede! resistance'. Winte'r whe'at varietii's wliiedi 
slu)we'el a high h've'l of ce)lel resistance in the' liareh'iie'd ce)nelitie)n anel 
whie*h e'xhibit a liigh de*greM'. of winter hareliness in the' fie^lel also pre)veel 
capable e)f building up higher dry-matte*r anel sueMOse conte'iit uneh'r 
controlle'd liareh'uing than did those varietie's of lessea* colei resistaiu'c 
aiul winter hareliness. Whether the incre^ase in sugar conte'ut eluring 
hareh'uing e*e)nfe'rs cold re^sistance or is simply a re^sult of conelitie)ns 
leading to the' eh'velopme'nt of cold resistancei is a de'batable epiestie)n. 
Certainly other physiologic change's likewise coincide with harde'iiing. 
Too, it shoulel not be assumed that unde'r all grow th conditions sugar 
and dry-inatte*r content will be a reliable inelex of cold re^sistance. It 
has been di'inonstrated ^ that variation in nutrition may ele'stroy this 
relationship. 


> Unpublished datii. 
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Tc'nipcrature and iiitonsity are iinqueslionably major factors 
infliuaicin^ the dc^vdopmeiit of (*old li^sistancc in winter wlnmt. 
Hardening is lik(‘wise d(‘pendent iipoii such supplemental factors as 
tlu^ y)re(‘cding stage and nature of growth. Since the resiionsc to 
teini)eraturc is a varietal charact(*ristic, there is some justification for 
Ixdieving that the rt^sponse to light inUmsity and supphunental factors 
may likewise be varietal in natures Further, the studi(‘s show that 
the temperature i-esponse itself need not lx*, the sa.me for all parts of 
tlu' plant. For instance, the haivu^s of one variety may show mote 
ability to accumvdat(‘ l esta-vt^s than those of another, whil(‘ the response 
of the crowns may be just reverstal. While the cold resistance of the 
crown gov(‘rns survival of the plant, it is obvious that leaf survival 
is of importance esptavially during the peiiod wlxui metabolic, proc- 
ess(‘s are gradually liuiiding the high h‘V(‘ls of rest'rves attained by 
midwinter. 

The foregoing observations hel|) to exjilain the reason for the 
‘‘rc'versals” often (Uicountered in winter-hardiuess nurseries. When 
two varietic's of winter wheat are com[)ar‘(‘d relativ(‘ to their wint<‘r 
hardiness, as (l(‘t(‘rmin(‘d ovov a nuinlxu* of years, on(‘ variedy may 
l)(‘ found d(a*id(‘dly sujxaior to tlx‘ other. However, in certain yc'ars 
this position is rev(‘rs(‘d, the vari(‘ty of high av('rage winter hardiixvss 
b(‘ing abnormally low. In vi<‘W of tlx‘ fact that climatic factors vary 
widely from year to y(‘ar and that varietal winter hardiix'ss must be 
d(‘p(>nd(ui( on such factors as sp<H‘d of hardc'iiiug, lev('l of maximum 
attaiuabh* cold resistances resistance, to (l(‘hardening, response to 
variable' light ceindit ieiiis, and othevrs, it weiulel be surprising if such 
reve'fsals did uot occur. 

( ''e)ntre)lleel harde'iiing studie's, not Ix'ing de'pe'nele'iit on variable 
climatic cemelit ions, slie)ulej pre)vide a means of pjealicting the' ave'rage 
fie'lel behavie)r of a vare*ity. The* pre'se'nt stuely indicates tliat this 
cannot be' eleine' me*re'ly eui the' basis of the relative* ceuite'nt of carbo- 
hydrate* re'se'rves at any euie* time' during harele'uing. Feu; exam])l(', 
the re'lative'ly great fiedd wint(*r hareliix'ss e)f Minhareli wheat may 
be the re*sult not only of its ability to acejiiire* a high h'vel eif colei 
resistance but like'wise the* re*sult eif rapidity of hard(*ning and ability 
te> re'tain colei resistance* imele‘r de'hardening intlue'iice's. On the* e)the*r 
hanel, the* low de'gre'e* of winter hardine'ss whie*h such varie'tie's as 
Blae'khull anel Fulcaste*r e*xhibit iji the fie'lel w'e)uld be expe*cted by 
re*ason of their lack e)f ability to deve'loj) a high le*ve'l of re'se*rves. 

The* data pre'S(*nte'el woulel see'in to justify the use* e)f suciose* or 
dry-matte*r ce)nt(*nt, err both, as a me'asure of the* change's in (xdd 
re'sistance* taking jjlaee* under exuitrolled uniform harde'ning evr de- 
hardening conditiems. The use of controlh'd harde*ning in conjunc- 
tion with either ade'ejuate* free'zing or clx'inical analysis slioulel proviele 
a valuable adjunct to nurse'ry and controlh'd frec'zing te'chnics in the 
determination of varie*tal winte'r hardine'Ss. 

SUMMARY 

(\)ntrolled low-tempe'raiurc hardening technic in e'onj unction w ith 
high-temperature de'hardening was a})pli(‘d to the study of winter 
haieliness in wh(*at. He'gree of cold resistance at any stage of harden- 
ing w^as measure'd eitlx'r by controlh'd fre'ezing or by analysis for elry- 
matter and sugar content. The ferricyanide method for sugar dt'ter- 
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iiiination was sijcc(‘ssfiilly applital in a form permitting gn'at rapidity 
of analysis. 

Tlic progressive inercaiso of dry-matter and sucrose content over 
an S-w(>(\k controlled low-temperature liardeiiing i)eriod was dcunon- 
st rat(‘d. A parallelism was established betwt^en these increases and 
incr(‘as(>s in cohl rc'sistance. Controlled liardening was shown to be 
comt)ajable to natural Hold hardening, the inorpliologicail and pliysio- 
logical changes in the wlu‘at plant being very similar for both. J^iglit 
intensity was found to lx* a v(*ry important factor in liardeuiing. 
Diminution of light int(*nsity n^sulted in decre'asc'd efficiency of 
Jiaj*d(‘ning as r(*gards both cold resistance* and storage* of rese*T*ves. 
lhide*r constaiit low-te*m})erature conditie)ns j)he)toperie)d was ap- 
])are*ntly ne)t an important factor as plants hardeneel ad(|uate*ly unde*r 
either increasing or decreasing day-le*ngths. Crowth stage* preceeling 
liareleMiing influence*el the e*friciene*y of hardening. 

High-te*mpe*rature^ de'hardening, i. e., the loss of erold resistance 
during the ])erie)d e)f transition from dormancy to ae*tive growth, 
pre)veel essentially a re*.ve*rsal of the* harelening ])roce;ss. Dry-matter 
anel sugar content showeel a progressive decrease with time of de- 
li are I ening. 

The* colei re*sistane*e of ne‘ithe*r the re)e)ts ne>r the^ le*af t)laele‘s is a 
re*liable ine]e*x of the* exile! j*e>sistance of the*, plant. Survival se*ems 
to be entirely ele'penelent ein the ability of the e’jnwn te) re*sist fre)st 
injuiy. Iloweve*!*, the importance of le'af survival as (*ontributing to 
the physiedogic change's associated with the* acquisition e)f colei resis- 
tance is evident. 

Ckuitrollexl low-tempeu*ature* hareh'ning and high-te*mpe*rature ele*- 
harele*ning stuelieis we*J*e* inaele ein six varieties eif wintei’ whe*at with tlie 
oe'casional inclusion e)f a varie'ty of winter l)ar]e‘y and e)ne* of spring 
whe*at. Kespeinse* te) Ihe'se cuneiitions ])re)ve*el varietal in nature*. 
The're was geioel agre*e*me*nt betwe*e*n relative* fie*ld-exhibiteel winte'r 
hardine'ss anel the ele‘ve*lopme*nt of ceild re'sistance and accumulation 
of reserve*s unde*r ceintrolleel harde*ning. This was iiarticularly true 
for the plant crowns, fjcaf e'ompositiem showe'el fail* agje'e*me*nt with 
known ceild resistance*, this agree*memt be'ing enliane'eel by a 2- or 3-eJay 
dehardening pe*rioel. llie studie*s sugge*st that e)bse*rvatie)ns of the 
trenel of carbe)hydrate' metabolism unde*r the intlue‘ne;e* of ceintrolh'd 
hareleming anel deliarelening would pre)Ve* of elistinct value in de*ter- 
mining the varietal winte*r hardiness e)f wheat. 
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STRAINS OF CUCUMBER MOSAIC VIRUS PATHOGENIC 

ON BEAN AND PEA ' 


By O. C. Whipple, inHlructorj and C. Wai.ker, professor, Departiuenl of Plant 
Pathology, Wisamsin Agricultural Experiment Station- 

INTRODUCTION 

During a study of spottod wilt of garden pea {Piswn satwum. L.) 
in tlio spring of 1935 (36)^^ an unusual developiin'iit of symptoms 
atypical of that diseases occurred in an out-of-door ])lanting of peas at 
Madison, Wis. Mild mottling app(‘ar(>d on the younger leaves as well 
as a faint lu'crosis on stems, leaves, and pods. When juice extracted 
fiom certain of tlu^se plants was transferrred to tobacco (Xicoiiana 
iahacum L. var. Havana 38), local and systemic symptoms of spott(‘d 
will devidoped on a small i)ercentag(‘, of tlie ))lants. On the remainder 
of tlie jdants eitber local necrotic h^sions or chlorot ic areas occurred on 
th(* inoiudatiMl leav(‘s, hut the systemic mottl(», which followinl was 
d(‘finit(dy not characteristic of tin* disease in f|U(*stion. Mori'over, a 
contaminating virus was demonstrated by imams of diffen'ntial hosts. 
The mottle virus was isolated by ino(‘ulation to cucumber {( 'ururyiis 
sativus L. var. Whilii Spine) and the spottiul wilt virus by inoculation 
to nasturtium Crropaeolum majuH L.) 

Adjac(*nt to the planting of ])(*as was a nuinlxM* of rows of bean 
(PhaficoluH iml(/arif!f L.) which included the. vari(*ties Wisconsin Refugee 
and Idaho Refug(*e, known to be ri'sistant to common bean mosaic 
(bean virus 1). As tln^se plants came into blossom, about 5 perciuit of 
them showed symptoms similar to yellow txmn mosaic (bean virus 2) 
(21), As the s(*ason piogressed, how(*ver, tlie symiitorns differed in 
many respects from those of the latter disease*. In addition to marked 
stunt ing and various degr(‘(*s of mottle, neci’osis occurrt'd on halves, 
stems, and pedioles. Some resemblance to bacterial blight (Bacttrmm 
pfumoli Eh\S) was occasionally suggested, but attempts to isolate this 
bacteiial organism yielded negative results. Inoculation with ex- 
])ress(*d juice to jxai, bean, cucumber, and tobaceu) resulted in mOvSaic 
on the last two s])(‘ci(*s, while on f)<*a the symiitoins w(?i*e mild necrosis 
and faint mottle and on bean a diffuse mottle and s(‘V(‘n* stunting. 

These preliminary cross inoculations suggi'sted that tlu^ diseases on 
l)ea and bean were possibly due to the sann* virus and that the latter 
was capable of l>ringirig about symptoms on cucumber and tobacco 
not unlike those* associated with cucumber virus 1. In the autumn of 
th(i same year (1935), M. W. Stubbs brought to the writiu's from a 
Madison gre(*.nhouse a young p(*.a plant which showed mild st(*m ne- 
crosis. Inoculation to cucumb(*r, tobai'co, and pea r(*sulted in infec- 
tion on all thriic, while transfer to beam was unsuccessful. Since none 

' Koceived for publioation May Ki, llHu. 
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of the mosaic or streak viruses heretofore isolated from pea or kidney 
bean, except the tobacco-ring-spot virus, had been shown to infect 
systemically both tobacco and cucumber, it was deemed essential to 
give the matter further attention. The prtjsent paper is a report on 
studies of the diseases and associated viruses which have been carried 
on at the Wisconsin Agricultural Experiment Station since 1935. A 
preliminary report {37) has already been published. 

METHODS AND MATERIALS 

The greenhouses in which studies were conducted were kept free of 
ins(K*ts by frequent fumigation. In most cases the experimental plants 
w<vre grown at t(^mpera.tures most favorable for their normal develop- 
ment, and after inocudation they were held at 23° to 20° C. Insect 
transmission studies were conducted in separate compartments. Field 
symptoms on peas, beans, cucumbers, and {Cunirhita pepo L. 

var. Giant SumriK^r Crookneck) were studied on experimental plots 
near Racine, Wis., during the summer of 1939. 

Iheliminary investigations were carried out with a numlx'r of iso- 
lates ^ from pea and bean. Since most of these isolates were similar, 
one was selected for further study as represiaitative of those infectious 
to both pea and bean. This virus was obtained from a necrotic pea 
pod of tlie Wisconsin Perfection variety. Tlu^ diseased plant was 
grown in an outdoor plot at Madison, Wis., and showial a necrotic 
flecking of the leaves and streaking of the stem. This isolate will be 
referred to as strain 14. The otlier strain used extensively in this 
invcistigation was that S(>cured from a necrotic i)ea plant, numtioned 
above, collected in a Madison greenhouse by Al. W. Stubbs, This is 
referred to as strain 17, and at the outset it was distinguished from 
strain 14 by the fact that it was not infectious to bean. Certain sub- 
strains of 14 were isolated for study; tlio procedure used is described 
later in the text. 

For comparative purposes a stock of cucumber virus 1 was obtained 
from James Johnson, Wisconsin Experiment Station. Celery virus 1 
was supjdied by F. L. Wellman, United States Department of Agri- 
culture; it was isolated originally by him from Cornmelina 7mdiflora L. 
in Florida. All stocks of the viruses were maintained in young hybrid 
tol)a('co plants {Nicotiana tabacum X N, glutinosa L.), tliose for each 
virus being segregated on slielves widely separated from other plants. 

All greenhouse plants were inoculated in early stages of growth, 
l^ms w(;re more readily infected when tlie fii'st leaves were inoculated 
before they had unfolded, while beans were usually inoculated by rub- 
bing the unifoliate leaves about the time when the first trifoliate leaf 
was unfolding. Carborundum powder was used as an abrasive in 
transfer of the viruses, and the residue was washed from the rubbed 
leaves with a fine spray. This method was used in all studies of 
symptoms, host range, and properties. 

EXPERIMENTAL RESULTS 

REACTION OP BEAN 

In greenhouse studies strain 14, strain 17, cucumber virus 1, and 
celery virus 1 were used to inoculate the following varieties or strains 

< The torm “isolato” is used in this paper to designate a virus from a given source without implying that it 
is necessarily a distinct strain. 
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of bean: Asgrow Slringless, Black Valentine, Stringless Black Valen- 
tine, Asgrow Valentine, Tcnclcrgreen, Early Stringless Green Pod, 
Giant Stringlcss Green Pod, Full Measure, Bountiful, French Horti- 
culture, Ruby Dwarf Horticulture, Tennessee Green Pod, Wisconsin 
Refugee, Idaho Refugee, Corbett Refugee, Kentucky Wonder Pole 
(white-seeded), Navy Wliite, Kentucky Wonder Pohi (regular), Sure 
Crop Black Wax, Hodson Wax, Brittle Wax, Improved Kidney Wax, 
Pencil J^od Blaxrk Wax, Wardwell Kidney Wax, and Keeney Golden 
Wax. At least 2 scries, eacdi containing 5 to 25 plants, were inoculated 
from each variety. All varieties inoculated with strain 14 developed 
symptoms, ''rivis virus was successfully recovercnl by transh'r to 
young tobacco plants of juice extracted from each of 10 varieties 
selected at random. Many attempts to recover the other 3 viruses 
w (^r e unsuccessf ul. 

It is evident that strain 14 is distinctive in that it is the only one of 
the four virus('s used which affects bean. Wellman {S3) attesmptctl to 
infect l)ean with celery virus 1, l)ut likewise secured negative results. 
Harter (7) descril)ed a virus (believed to be related to cucuimber virus 
1) that was pathogivnic on scjveral varieties of lima beam {Phaseolus 
lunafus Ij.), but not on kidney bean or pea. The ])reliminary report 
by the writers {37) is apparently the first record of the successful inocu- 
la.f ion of a virus in the cucumber mosaic group to kidney bean and pea. 
More recently Zaumeyer {39) has reported two strains of cucumber 
virus affecting pea, sieva lima l)ean, and broad bean {Vicia f aha L.), 
but not kidney bean. 

Although no variety was found immune to strain 14, some differences 
in expression of symptoms and in the amount of stunting, mottling, and 
necrosis occurred. In general, these*, symj)toms were*, not sufficiently 
distinct to warrant placing the varie4ie*s in different classes as sug- 
geisteul by Piercer {3i) for beam virus 1. The range of symptoms may 
be said to inedude about all those de^scribeel for both bean virus 1 anel 
bean virus 2. On the ot-lier hanel, it is eiifhcult to ascribe to strain 14 
any one symptom or group of sympte>ms which might be sufficiently 
characteristic to set it apart from the othejr two viruses just mentioned. 
Four varietieis representing the range of symptoms were selected for 
detailed study. 

Tlie unifoliate leaves of th(^ Wisconsin K(vfugee develop a distinct 
drooping within 4 or 5 days after inoculation with strain 14. If these 
primary leaves are not fully devedoped at the time of inoculation, vein 
clearing and yellowing are also produced in them. The first trifoliate 
leaf next shows spinasty and vein clearing, with each leaflet twisted 
and curved slightly inward from the apex. As the leaf continues to 
develop, a diffuse yellow mottle appears, while* the second trifoliate 
leaf develoi)s a more distinc.t mottle of the saim^ type (fig. 1, C). 

The drooping of the unifoliate leaves serves to distinguisli strain 14 
from bean virus 2, which Pierce {31) dos(*ribcd as causing a downward 
drooping of the first trifoliate. Since bean virus 1 docs not affect the 
position of the leaves, epinastic response may be used to distinguish 
each of the tffiee viruses in the early stages of development on plants 
inoculated in the simple leaf stage in the greenhouse. 

Soon after the appearance of the first symptoms induced by strain 
14, retardation in growth is evident (fig. 2). This difference becomes 
even greater with age and is frequently the chief means of distinguish- 
ing the diseased from the healthy plants. Retardation in develop- 
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mont of loaves may be socmi in figure \ , E, which shows a healthy and 
a dis(‘as(‘d l(‘af from Wisconsin Refugee plants of the same age. The 
petioles and tlu^ internodes are also shortened, and stimulation of axil- 
lary l)uds gives the i)lant a bushy appearance, exi)ecially under fi(*ld 
conditions. 

In the same fi(dd in which strain 14 was originally isolated certain 
Wisconsin and Idaho Rcdugee plants devcdopod a light yellow motthi 



FifjciiE 1.-- Symptoms i>roduced in S week.s on the second trifolititos of plants of 
four varieties of bean inoculated with strain J4: A, Mottling and wavy loaf mar- 
gins in llodson Wax; /i, pronounced mottling, vein banding, and dark green 
islands in KSure Oop Black Wax; (\ diffuse mottle, slight curlijig of apices, and 
extreme reduction iji size in Wisconsin Refugee; /^, chlorosis near margins an<l 
dce})er than normal green in the region of the mid vein in Full Measure; E, iinin- 
oculated leaf of Wisconsin Refugee. Note marked reduction in size of all inocu- 
lated leaves. 


simihir to that described for bean virus 2 (21), Isolations from these 
plants (‘insistently produced symptoms on both tobacco and beans. 
Since under gr(>enhouse conditions the inoculat(nl bean plants later 
outgrow the leaf mottle symptoms, it was coneduded that bean virus 2 
was probably not present in these plants and that the field symptoms 
wt‘re due to strain 14. Other plants in this field sliowed necrosis of 
leaves, petioles, and stems, a symptom which was especially prominent 
at the pulvdnus and growing tip. It is now Ixdieved that one or more 
^ellow strains of 14 were present in this field, since these necrotic 
ymptoms are similar to those later produced with such strains of the 
virus. 
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Furthor field trials wtvro coiidiic‘4ed during;: the summer of 1939 near 
Racine, Wis. Three 50-foot rows of Wisconsin Refugee were planted, 
and when the third trifoliaU^ w^as unfolding tlui first 20 plants of each of 
two rows were inoculated with strain 14. Onci month later the infectcui 
plants showed marked stunting tint had not di'veloped a definite 
mottle. The only other signs of disease were the irregular glossy sur- 
face and vein clearing of younger leaves. An occasional iin inoculated 
plant in each of the three row-s also showed symptoms similar to those 
which had been inoculat(‘d. Transfer of inoculum from thos(‘ plants to 
tobacco demonstratcid that th(‘y w'(u*c also infected wuth strain 14. By 
the end of th(‘ season 90 p(‘rcent of the uninoculatcul plants had become 
infected. In no cast* was mottling or necrosis v(‘ry evid(‘nt; marked 



Fjcujuk 2.' - .1, I ninociilatt'd Wisconsin Itcfugce i)ea.n j)lant ; 71, j)lant of same age 
as that in A, inoculated 3 weeks previously with strain 14. Xoto extreme 
retardation in growth. 


stuiiting and the glossy, wavy app(‘aranc(‘ of th(‘ leaves wctc th(‘ only 
distinguishing symptoms. As compan'd with the few remaining 
healthy plants, the prod uci ion of [)ods on th(‘S(* discuist'd [)]ants was 
greatly reduced, and small misshapen jaxls w'(T(‘ more common. Tlu^ 
natural spread of tin* virus was prol)abiy brought about by aphids. 
The potato aphid, Macrosiphum {Illinoia) solan iioUi (Ashm.), was 
abundant and an occasional peach af)hid, Myzus perslcae (Sulz.), w^as 
observed. Although the capacity of th(‘ potato aphid to transmit 
strain 14 has not been investiga ted, it is an establisluMl vector of cucum- 
ber virus 1, wdiile M, persicae is shown later in this paper to l)e a vector 
of strain 14. 

Considerable variation in symptoms has Ix^en shown to occur on 
Wisconsin Refugee in the greenhouse and in the fiidcl. h]ven greatevr 
variations occur between different varieties. On Sure Crop Black 
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Wax, symptoms are more proiioimcccl than on any of the other varie- 
ties tested and they (dosely resemble those produced by bean virus 2. 
Initial symptoms arc muiJi like those produced on Wisconsin Refug:ee, 
with drooping of the unifoliatt^s and vein clearing of the first tri- 
foliates, the latt(T condition usually changing gradually to vein band- 
ing. Light y(»Ilow areas soon develo]) and gradually sprt^ad to all 
parts (^xcf^pt along the larger veins, which remain dark green (fig. 1, J5). 
Occasionally, the vein banding symptom does not persist and the 
mottl(‘ is more like that of bean virus 2, except that the yellowing is 
less (extensive?. Scattercul small dark green islands commonly o(;cur. 
The plants are stunted to about the sann'- degree as those of Wisconsin 
Refugee. 

On Full Measures the symptoms on the first and second trifoliate 
oftt^n resemble those of bean virus 1, as described by Pierce (21) on 
Stringless Green Refugee. Vein clearing is followed by chlorosis, 
especially along the edges (fig. 1, I)). On some leaves small dark 
green arenas appear scattered promiscuously over the lighter green 
surface or concentrat(‘d along the larger veins. These symptoms may 
continue to app(‘ar on developing leaves, but usually become entirely 
masked. Stunting is less sevc^re than in Wisconsin Refuget^ 

Symptoms on Hodson Wax are usually very mild under greenhouse 
conditions. The first and second trifoliates usually show a mild, 
diffuse mottle and occasionally darker green areas (fig. 1,-4). On 
later-developing leaves it is often impossible to detect any mottling, 
and the leaf may show only an irregular, glossy surface. wS tun ting is 
less marked than with the varieties described above, and it is often 
necessary to transfer tlie virus to other hosts to ascertain infection. 

In g(Uieral, stunting is the most constant symptom of strain 14 on 
the bean varieties studied. The slower rate of growth causers a reduc- 
tion in size of leaves and a shortening of internodes and petioles. 
Stunting varies with the variety, but it is a more constant feature 
than in the case of bean virus 1. Mottling of the leaves is cxtrcmiely 
variable, depending on the environment as well as the variety. The 
slightly irregular, glossy surface is a rather constant featur(» but is too 
indistinct to be detected by the casual observer. Masking of leaf 
symptoms in the greenhouse and field is common. More extensive 
field observations are needed to determine the most constant field 
symptoms. 

The reaction of the bean to various ‘^yellow^^ and “dark green^^ 
subsirains of 14 is discaissed later in this paper. 

REACTION OF PEA 

Tliree varieties of pea were inoculated with the same four viruses 
used in the bean studies. The results (table 1) show that symptoms 
appeared in all cases except in the plants of the Wisconsin Perfection 
variety inoculated with cucumber virus 1 and celery virus 1. Further- 
more, in the case of the Alderman variety local lesions only were 
produced after inoculation with celery virus 1. In no case was cu- 
cumber virus 1 or celery virus 1 recovered from inoculated pea plants 
even though symptoms had occurred. Strains 14 and 17, on the 
other hand, were recovered quite readily. 

The symptoms which develop on young plants inoculated and grown 
in the gpeenhouse will be described first. 
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Table 1. — Comparative nymptoms on three varieties of pea inoculated with strain 
strain 7 7 , cucumber virus 7 , and celery virus 7 


i 

1 

Strain 14 

Strain 17 

Ciicunibcr virus 1 

Celery virtis 1 

Viirirty 

I’ Ian I s 
inocii- 
latcfl 

i 

IMants 

infernal 

1 

1 J’lants 
inocii- 
lattai 

Clants 

infectial 

IMants 

inofii- 

lated 

Plants 

inf»*t*t(‘(l 

Plants 

inocu- 

lated 

IMants 

inf(*cted 


Xuinhcr ! 

Pfretnf 

Xumher 

Percent \ 

Xu intuT 

1 Percent 

Xu m(ur 

Percent 

Altbrnum 

i:i7 1 

H2 

f)/> 

47 

20 

j 24 

10 

1 20 

Alaska 

! 74 i 

H‘2 

28 

nU 

12 

1 

14 j 

21 

Wisconsin l‘t‘rf(‘cl ion 

j 

49 

27 

.')2 

30 

1 « 

1 

17 1 

0 


' Only local lesions were pnxlueiMl. 

‘ 'l'h(‘ only syrnpfoin was stern necrosis at I, la* base of the iiuKMilated leaf. 


Strain 14 

Wluvri yoiin«* |)(‘a plants of tlu* Alderiiian varit'ly are inoc*iilalocl 
tx'fort' the tii-st l(‘av('s have* unfolded, tlie initial symptoms app(‘ar in 
4 oi‘ T) days as a wilLinti: or lu'crosis of sorm^ of th(‘ I’liblx'd l(aivt‘s and 
sti])ul(*s. In t> to 10 days tlu‘rt‘ appear on tlu' youn^c'st haiv t's diffuse, 
y('llo\v-^rt*en artais wliicli may develop into a mori' d(‘finit(‘ mottle 
(fi^'. .‘h B), or may disapptair entirely. Th(‘ devt'lopin^ halves on 
inf(‘eted plants ttaid to nunain fohhal and slightly twist (‘d. A [iro- 
nounct'd stunting soon follows, with reduction in sizt* of haivt's and 
shorti'ning of int('rnodt‘s as the most conspicuous symptoms (figs. 4 
and o). Th(‘ lowtu* haivi's continu(‘ to wilt and die, and under gnaai- 
house conditions .45 to 50 piuvent of th(‘ plants of this variety d('V(‘lo|)* 
faint, l)ut d(‘finite, wati'ry, pur|>le-hrown, lu'crotic striaiks on the stem. 
Nc'crosis may advanci* uj) om* sidi* of th(‘ stcun or alh^ct the entire 
])lant, including leaves and growing tip. Ixaif necrosis is usually most 
evidcait along tiu‘ v(‘ins. If the growing tij) is kilh'd, lunv shoots may 
(h'V(*lo[) in the axi's of th(‘ lowia* Icaivi's, hut tluy remain stunted and 
oft(‘n show mottling. Inh'ctial gr(‘enhous(‘ [dants may pi'rsist for some 
time hut eventually di(‘ prematurely. 

On the Alaska vari(4y symptoms are similar to tliost' on Ahhuinaii 
(‘xc(‘])t that stem necrosis is mon* (‘xtensive. Symj)toms on Wisconsin 
IhM’fection frcajiuaitly ajipc'ar as dilfusi^ lU'crotic artais on th(‘ l(‘allets 
and occasionally as a stnaiking on the ix'tioh's and stcun. Stivin 
iK'crosis is more proiiouncc'd and mottling mon' distinct than on the 
otluT two varieti(‘s. The killing of the growing tip is also common. 
vSyinjitoms produced by suhst rains of the virus on this varif'ty are 
described later in this pa[)er. 

In the field two 5()-foot rows (*ach of Ahhuman and Wisconsin 
P(Tfi*ction were planted, and 4 weidvs later 20 plants in oiu' row of 
each variety were inoculated mechanically with strain 14. Mottling 
of som(‘ plants and stunting of others were evidfUit in 2 wx*eks, and 
many later d(‘veloped a mild necrosis of the stcun and growing tip. 
At 5 Weeks all inoculatcal and a few' iminoculated plants had (hw edoped 
tlie disease. By tlu* end of the season 95 percent of all tlu* plants 
wei'e infected, and isolations from repres(*ntative plants gave only 
strain 14. Since* tlu* potato aphid could be* found on almost (*verv 
plant and the p(*ach aphid on an occasional one, it is i)robably that 
one or both of these sj)(*cies spread the virus from tlu* artificially 
infected plants. 

302144—41 3 
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Initial symptoms on naturally infocted plants were similar to those 
described above except that death did not often occur as promptly. 
However, the main shoots usually died and secondary branches de- 
veloped near the base of the plant. The rosettelike appearance of 



Figuke 3. — Symptoms on leaflets ajid pods of peas inoculated vvitli straiji 14: 

Leaflet from uninoculated Wisconsin Perfection plant; By leaflet from Aider- 
man inoculated with strain 14 (note diffuse mottle) ; C, l)y leaflets from Wis- 
consin Perfection inoculated with yellow strain of 14 (mottle is more distinct 
than in B)] Ey pod from uninoculated Alderman; F, Gy necrosis of pods from 
field -inoculated Alderman plants; //, /, twisting and stunting of younger pods 
from the same variety. 
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these shoots (fig:. 5) was due to extreme shortening of the internodes 
and distortion of the leaves. Mottling of leaves and necrosis of 
stems were less common on secondary branches, but necrotic flecking 
of leaves and stems usually devc‘loped. Blossoms which were well 



FiGUitE 4. — Wiscofisin Perfection pea plant (^1) 3 weeks after inoculaticn with 
strain 14. Note extreme reduction in size as compared with uninoculated 
plant {B)^ as well as necrosis of lowest leaves and mottle of young leaflets. 
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dov(‘loped at the time of initial symptoms usually dropped, while 
small pods b(*cam(‘ distorted and necrotic (H^. 3, //, /). Sonu* older 
pods remained quite normal, wdiile otluTs show'(‘d s(W(U*e necrosis 
(fi^. 3, F, G), and peas from the latt(*r wert* (K^casionally motth*d or 
necrotic. On th(‘ s(‘condary branch(‘S ordy a few pods set, and these 



Fiouke 5. — Portion of an Aklerman plant naturally infected in the field with 
strain 14. 7'he internodcs of side branches remain short, and faint necrosis 
ocrcurs along the veins of some leaflets. 
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oillior (lev(*l()p(‘(l iioriniill^^ or showed symptoms as described above. 
Tin* virus was r(*adily recoven'd from st(*m, leaves, and pods. 

Strain 17 

Tlu' symptoms of (his virus elosidy n'sembh^ lhos(‘ d(*seribed above 
for strain 14 on t he same lliree pea varieties. Stem lU'crosis, however, 
is mor(' pronounced and vein cl(‘arin^ of the young leavers is more 
common than mottling. Stunting is equally sc'vere, and plants show- 
ing iKHUOsis usually die ])rematur(dy. 

(•IT('T7MHER VlRUS 1 

In no cas(‘ has this virus b(‘en recovcTed from inoculated pea plants, 
although a f(‘w such ])lants have sliown definite symptoms. In a 
lO-plant s(u*i(*s of Alderman, 1 plant d(‘veloped a necrosis of rubbed 
leidhds and |)etiol(‘s; in a few days necrosis had advanced 1 cm. along 
lh(' stem, f^esides this necrosis, stunting was the only additional 
symptom not(‘d on this plant. In another plant in tlu* same series 
distinct st(‘m and tof) nc'crosis occurred, followed by early death of 
th(‘ ])lajit . In still another series of this variety faint n(‘crotic streaking 
d(*V(‘lop(*d on stems of plants. Out of 12 inoculat(‘d plants of the 
Alaska variety, oiu* showed stem lU'crosis at tlu* basi* of an inoculated 
h'af. In 3 s(‘|)arat(* seri(‘s inoculation to Wisconsin P(‘rfection gave 
negative* r(‘sults. From these (*.xj)eriments it is doubtful if pea should 
b(' c()nsid(‘ied a host of the strain ol cucumbevr virus 1 us(‘d, but it is 
indicate*!! that the virus may occasie)nally e*nt(‘r aiiel piogrvss within 
the* tissue*. 

Celery Viri s 1 

Similar pre*liminarv residts indicate*el that this virus may also go 
to |)e*as. In one* se*rie*s of 10 Alde*rman plants necrosis of inocidate*d 
le*afle*ts anel stijjules deve*lope*d e)n 2 without the* a|)pe*arance* of syste*mic 
symptoms. In ane)ther 4-plant serie*s of Alaska spe*ckle ne*crosis of 
l(*afle*ts and stipules ejccurriHl on 3 of the plants. Ne) attempt was 
maele to re*cover the virus. In 3 separate* se'ries inejculation to Wis- 
consin Ferlection faileel te) proeluce symptoms. Further stuelie*s are 
ne*e‘ele'el to de*te*rmine* vvhelhe*r peas may be ce)nsid(*re‘el a he)st of this 
virus. 

SUBSTUAINS OF VIRUS 11 

Tobacco leave's infe*ct(*el with strain 14 0(*casionally she)we*el bright 
yellow are'as on the* olele*i* le*av(*s (fig. O, ^1) similar to those de*scribe*d 
by Mclvinne*y (i^O) for common tobacco mosaic and by Price (i?4) 
cucumber mosaic; from tlu'se* areas ‘\ye*llow” substrains were isolated 
(fig. (), B, P). In aelelition, two othe*!* substrains, “dark gre*e*n” and 
“normal gree*n,“ we*i’e iseilated from tobacco le*ave*s infecteel with 
strain 14. The* “elark gr(*eit’ isolate was obtaiiu'el from a small 
raise*d ai’e*a of tissue* elarker than ne>rmal gre*e*n. The* eitlier was from 
a lU'arly normal gre*e*n are*a on the* same leaf. 

On tobacco the* yelleiw substrains pioduced amounts of chleu’osis 
varying with the* isolate (fig. 6, B, P). Mottle was acexmipanieel l)y 
much leaf distortion and stunting. One* of tlie*se* ise)late*s (fig. 0, B) 
w^as useel to inoculate cucumber, Wisconsin Refugee bean, Wisconsin 
Pe*rfe*ction pea, and Black cowpea {Vigna sirunsh Endl.) in the green- 
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house. On cucumlxu- the small circular chlorotic primary lesions 
rapidly spread to j)roduce a yellowing and (juick death of the coty- 
ledons. Chlorotic siiTd^(‘n stlcuiks next appe^ared on the hypocotyl. 



Figure 6 . — Bright yellow spot in a tobacco leaf infected with strain 14. 
From the tissue of such spots “yellow*' strains were isolated, ii, C, Ijcaves 
from tobacco plants infected each with a different “yellow" isolate of strain 14. 


followed by a yellowing of the true leaves. Infected plants usually 
died soon after systemic symptoms appeared. Initial symptoms on 
Wisec^sin Refugee bean and Black cowpea were epinasty of the 
TTubbed unifoliate leaves followed by chlorotic areas on these leaves. 





Jan. 1, 1941 


Cucumber Virus Pathogenic on Bean and Pea 


39 


Systemic symptoms InHuu^ntly developed us a severe necrosis of stems, 
petioles, and leaves. Necrosis of the piilvinus was especially promi- 
nent. Most of these plants died ])rematurely. On those wdiich 
survived or did not show necrosis a bright yellow mottle of the leaves 
and sfwere stunting of the plants devedoped. The mottle symptoms 
on cowpea wer(‘ similar to those described by Prices {2Ji)) for his Yj 
and Y 2 strains. Wisconsin Pcudection peas inh^cted with the yedlow 
sidistrains show more distinct yellow mottle (fig. 3, ("’and />), more 
leaf distortion, sev(‘re necrosis, stunting, and a higlicr mortality than 
do those inlect(‘d with the original strain. 

The dark grtuui substrain was also compared dirt'ctly with tlu' other 
substrains. On tobacco it showcnl a mild but distinct mottle of dark 
gHHUi rais(‘d arcras dispei*s(‘d on a normal greim background, and 
(listortion and stunting vve^n^ less severe. In general these sym])toms 
were also typical of tlu* dark green isolat(‘ on cucumber, Black cowpea, 
Wisconsin Kcdugei' bean, and Wisconsin Perf(‘(*tion pea. The normal 
gre(*ii sul)strain produced symptoms on the above hosts identical with 
those of the original strain. In all cases th(‘ ytdlow substrain produced 
the most S(‘V(*re sym})t()ms, while the dark gn^en strain was milder 
than any of tlur substrains or th(‘ original isolate. 

From thes(' (*xp(‘rim(‘nts it is (‘vichuit that, as has b(*en rej)oi*t(‘d 
for the cucumber mosaic virus it is possibh^ to isolate a numlxu* of 
substrains which remain stable, give distiiud symptoms, and differ 
from one another in tlu'ir sev(*rity on the respc'ctivc* hosts. 

UEI.ATION OF TEMPFKATUHE TO SYMPTOM EXPRESSION 

Idaho Kefug(‘e, Kentucky Wonder Pole (regvdar), and Full Measure 
beans, and Ahhu-man and Wisconsin Perfection jxais were included in 
a study of tlu^ reflation of temperature to expression of symptoms. 
After inoculation with strain 14 by the usual irudhod, 10-plant 
gi'oups of each varic'ty were placcxl in temyierature-con trolled green- 
houses at 16°, 20°, 24°, and 28° C. An equal number of check plants 
was placed at each tem])erature. 

E|)inasty of tbe unifoliate leaves was the initial symptom on bean 
at all temperature's, but time of ajipearance varied from 2 to 3 days 
after inoculation on plants at 28° C. to a week or more at 16°. Diffuse 
yellow areas next d('velo[)ed on the unifoliate leavers of plants at 28°, 
and in 5 days vein clearing and distinct mottle appeared; at the (>n(l 
of 2 weeks severe necrosis of stems, leaves, and growing tip had 
developed on 20 percent of the yilants. Tlu' progress of the disease 
in plants at 24° was somewhat slower, and at 2 weeks vein clearing, 
mottle, and stunting, but no necrosis, w'ere evidcuit. The mottle 
developed still more slowly at 20°, but at 2 W'('.eks the disease had 
advanc(‘(l nearly as far as at 24°. At the end of the experiment the 
only symptom on plants at 16° was eyiinasty of the inoculated primary 
leaves. 

Infected Wisconsin Perfection pea plants first showed mottling of 
the leaves at 24° C. in about 11 days, and stunting of the inoculated 
plants at all temperatures was then evident. In one experiment, 18 
days after inoculation, 9 of the 10 plants at 28° were either dead or 
severely wilted and a few showed a faint necrosis of the stem; at 24° 
4 of the 10 plants had developed faint necrosis of the stem and had 
died prematurely; at 20° typical mottling developed on 6, and on 1 
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ii(H*rosis of the growing tip occiirred; at 16® none of the plants showed 
symptoms other than stunting. 

Although the disease* is most severe*, in its eiiect on peas and beans 
at 28®, the most typical symptoms de^ve^Iop at 24®. At 20® the^y 
occur me)rei slowly anel with less severity, although they are never- 
theless typical in appearance. Symptoms other than e*pinasty are 
completely maskeul at 16® C., but the virus is readily reHM)vereel from 
inoculatoel plants helel at this temiperature. 

PRe)PERTIES OF THE VIRUSES 

The pi'operties of strains 14 anel 17 were* stueli(*(i to elete>rmine how 
closely th(*y conform to those reported by Johnson {15), Hoggan 
{10), anel Jh'ice { 24 ) for cucumber mosaic viiuses anel by Wellman 
{33) for celeu-y virus 1. In the matte*r e)f longevity in vitro cucumber 
virus 1 useel in e)tlier stuelies reporte*el luue'iji was compareel with 
strains 14 anel 17. 

Expressed juice from teibacco plants recently infecteel with the 
viruses was treat enl and then used to ineiculate* tobacce) as the^ test 
plant. Ten plants were use>el as a te*st unit and each experiment was 
repe'atcd at least once (table* 2). 


Table 2. — Comparimn of certain properties of cocumber virus /, strain t4, and 
strain 77 as determined by inoculation e/ tobacco ^ 



Thefimal Inacjtiv AT iON Point 

The methoel used for he*ating tlie* virus samples was the same as 
that describ(*d by Price {23) and later used by him in comparing yel- 
low strains of cucumber mosaic {24)- The thermal inactivation points 
of strains 14 and 17 were found to be betw(*en 65® and 70® C., wh(*n 
exposed at this temp(*rature for 10 minutes. These figures are in 
close agreement with those n^ported by Hoggan {10) for cucumber 
mosaic viruses and are within the range given by Johnson {15) for 
classification of the cucumber virus group. Price {24)y using the 
same m(*thod, obtained a variation from 64® to 72® for eight different 
strains, but concluded that they were essentially similar in their resist- 
ance to heating. Wellman {33) found that celery virus 1 occasionally 
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reinainod infective aft(‘r tnaitment at 75°, but that it was inactivated 
in all sainpl(‘s treated at 80°. 

LoN<JEVITY in VlTHO 

The i‘xpr(‘8S(Hl juic(‘ from studies was stored in stoppered ti^st 

tubes at 20° to 22° C. The longevity in vitro was 7 to 8 days for 
strains 14 and 17. In oiu^ trial, liowever, on(‘ plant hcH'arne infected 
by inoculum aged for 10 days, although nom* w(M-e diseased aftiu' 
inoculation with tlu‘- sam(‘ ('xtract at 9 days. Th('S(‘ results are in 
g(*neral accord with those* for cucumher vii’us 1, which was found to 
lose its inlectivity at 0 to 7 days, thougli flohnson {15) and Hoggan 
{10) report 3 and 5 days, r(*spe(*tively, for this virus. 

Toj.EiiANfac TO Dilution 

Dilutions we'n* made* with sterile distilled water and the* plants 
W(‘r(‘ inoculated imnu'diately. There* was no significant elifferenee 
hetwe‘e*n strains 14 anel 17. The maximum elilution at which inf(‘e*- 
tieui occurre‘d was usually 1 1 ,000, although in one* case it was 1 10,000. 
Tlie'se* ivsults are* in ge'iieral agre*e*me*nt with theise r(*porte*el by other 
worke'fs tor the* cucumher meisaic virus gre)U]> {10, 38), which ranges 
fremi 1 1,000 to 1 100,000 in maximum elilutiein fremi which inleetion 
may he* seM’ure'el. 

INSEe^T TRANSMISSION 

The gre*e*n peach aphiel, Afyzus persicae Sulz., was stueli(‘d as a 
peissihle* ve'ctor e)f strains 14 anel 17. Nonviruliferous aphiels we*re> 
raise*el on healthy cabbage* jdants and late*r transfVri’ed to a varie*ty 
of infe*e*teel hosts, e)n whie*h the*y we*re* allowe*el to fe*ed from 48 to 72 
hours. At the* e*nel e)f this perioel 10 to 15 aphids we*re transterreel to 
e*ach healthy plant to he* infe*cte*el. Afte*r another f(*e*ding pe'j'ioel of 
48 to 00 hours the* aphiels we*re killeel by fumigation. In the* transfer 
e)f a small number of ins(*cts a brush of ivel sahle*’s hair was useel, hut 
for large*!* numbers the leaf metliod of Iloggan (S) was feniiul useful. 

Strain 14 was transfe*rre*el by means eif aphiels freun te)hace*o to 
tohacce), ye*llow swe*e*tcle)ve*r {Melilofus officwalis (L.) i^arn.) te) pe]>]K*r 
{(ypsicuni ann mim L. var. California Wonel(*r), kielne*y he*an to peppe*r, 
spinach {Splnacia oleracea L. var. Bloomselale*) to pep])e*r, peppe*r to 
pepper, anel pe*a to jim.sonwe*e*d {Datura sframo/riurn L.). Strain 17 
was also ti*ansmitte*ei l)y the same ve*ctor freim |)e*a te> spinach anel 
from spinach to spinach. Six plants se*rveel as a, t(*st unit in each 
case*. The* virus was recovere*el from all heists (*xe*e*pt jimsonwee*el. 
The* incubation perioel in the^ heists vari(*d fr-oni 14 to 2i elays. No 
experiments were conelucteel to elemonstrate* the length of time* 
ree^uireel for the aphid to b(*conie infe*cte*el or the> length of time* it 
r cm a i 1 1 e*d inf ec t i v e* . 

SEED TRANSMISSieiN 

Transmission of bean virus 1 through the seed of common bean 
was first elernonstrated by Realdick and Stewart {29), hut bean virus 
2 was found nontransmissihle by Pierce*. {21). Doolittle anel Gilhe*rt 
(5) have give*n evidence* to prove that cucumher mosaic may be trans- 
mitteel through the* seed of the wild cucumher {Aficrampelis lobata 
(Michx.) Grc(*ne), and Kenelrick (16) demonstrated occasional trans- 
mission of the same virus througli the seed of muskmelon varieties 
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]Ion(*y Dew and Persian {Cuc^unis melo L. vars. inodorus and 
reticulatus N and . ) . 

In a total of 580 pea and 440 bean seedlings grown from seed of 
plants infected with strain 14 none was found to be affected with 
tlie virus. Tlu' p(5a and bemn seeds used were obtained from both 
naturally and artificially inh^cted fiedd plantings reported earlier in 
this paper. Further trials are needcnl to d{^termine conclusively 
whether this virus is transmitted through pea and bean seed, but 
these* preliminary trials sugg(*st that it is not. No seed transmission 
studies with strain 17 have b(*en made. 

HOST RANGE 

Rather than ascertain tlu^ infectivity of strains 14 and 17 on a 
seri(*s of plant spc'cies chosen at random, it was consid(*r(*d more to 
the point to make* a study on known hosts of the cucumber mosaic 
group of viruses. This list includ(*s those ])lants most commonly 
infect(*d in natures with c-ucumb(*r virus 1 and, secondly, those whi(*li 
have b(‘en nioi-e* recently reported as hosts of this virus or strains 
closely related to it. As strains 14 and 17 were first obs(‘rved on f)(‘as 
and b(*ans, other legume hosts, such as lima b(*an, cowp(*a, lupim* 
(Lupinus angnstiiojius L, and L. harhvegi! Lindl.), and sweetclov(*r 
were of special interest. A list of the plant species suscc^ptible to one 
or more of the four viruses studied in this paper and the cardinal 
symptoms produced on each host an* given in talde 3. This list 
includes 19 specie's l)elonging to 10 gcuiera and 0 families. In addition 
none of the four viruses was found to be inf('(*tious on White Dutch 
Clover {Trifolium repens L.) or soy beam {Soja max (L.) Piper var. 
Manchu). From 5 to 50 plants or mon* of each species w(‘ro inocu- 
lat(*d, and with few exceptions the virus was recovered when signs of 
d iseaise d e velo p(*d . 

A study of table 3 will r(*veal that all plants susce]>tible to cucumber 
virus 1 are also hosts of strain 14, and, in addition, the latter virus 
brouglit about inf(*ction on Fordhook Mammoth Pod lima bean and yel- 
low sweetclov(‘r. Broadbean, susc(*ptible to c.el(*ry virus 1, was the only 
plant tested not infected by strain 14. The cc'ih'ry virus also produccHl 
infection on all plants tested exc(»pt Fordhook Mammoth R)d lima 
bean and y(*llow swe('tclover. The host rang(* of strain 17 paralleled 
that of cucumbej* virus 1 and in addition included yellow sw(M*tclover. 

It is not the purpose of this paper to describe in detail the symp- 
toms on all the hosts infected with diflerent viruses. However, it 
should be mentioned that in general the symptoms on the respective 
hosts were similar as to type, and any variations between viruses 
were mostly in degree or intensity. For instance, under field con- 
ditions, cucumber and squash infected with strain 14 not only j)ro- 
duced plant symptoms identical with those of cucumber virus 1, but 
also gave rise to wartlike areas and distortion of the fruit. The 
similarity of the mottle symptoms of the four viruses may be seen in 
figure 10, while typical variations in these symptoms arc shown on 
tobacco in figure 7. It is at once apparent that symptoms produced 
by strain 17 on this host are much milder than those of the other 
two viruses. Symptoms of strain 17 (fig. 7, (J) most closely resemble 
those of ^‘cucumber mild mosaic virus^' described by Hoggan {10), 
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Strain 17 was somewhat unstable and occasionally symptoms similar 
to those of cucumber virus 1 appeared on tof)a(*eo. Transfer of the 
virus from such plants give rise to stable substrains. Strain 14 pro- 
duced many types of sym])toms on tobacco h'aves, including oak-leaf 
patterns, savoy, and rcxluction of h^af lamina. The principal dif- 
ference' in this regard Ix'tween strain 14 and cu(‘umb(a* virus 1 was 
a slightly greateu' amount of yedlow in the lightc'r areas of the mottle 
patti'rn j)roduc(‘(l by the former. 

On cowfjea, primary lesions were produced by all four viruses (fig. 
13, /!) similar to tliose described by lh*ice (^4). The lU'crotic lesions 
produced by cucumber virus 1 were slightly larger and mon^ numerous 
than those of the other three viruses. In addition, strain 14 pro- 
duced other primary symptoms, such as circular chlorotic areas which 
later often became partly necrotic (fig. 13, B, (') and had a tendency^ 
to sprea.d out along tlie main veins. Systemic symptoms, such as 
mottling, leaf distortioji, bronzing (fig. 13, />), and severe stunting, 
d(‘veloped on this host (lig. 14, B). 

Dark necrotic lesions were ])roduced on the inoculated primary and 
true leav('S of watermelon by (‘ucumber virus 1 and strains 14 and 
17 not unlike those described by Wellman (So) for celery virus 1. 
Tlie yellow halo about the necrotic lesions was usually conspicuous 
ami on one plant inoevdated with strain 14 a- yellowing developed over 
the (uitire plant. .\n attempt to recover the virus was unsuccessful. 

The inf(H*tion of Henderson Bush lima by all four viruses is of 
interest in vi(*w of llarler’s (7) report that a, strain of cucumber 
mosaic was infectious to eight varieties of small-sc'eded limas but not 
to the large-seeded Fordhook ty])es tested. Of the writers’ four 
viruses oidy strain 14 infected Fordhook Mammoth Bod. The symp- 
toms of the four viruses on Henderson Bush lima were similar and 
developed as epinasty, vein clearing, mottling, stunting, and occa- 
sionally bronzelike necu’osis of lea ves and necrosis of stems and growing 
tip. Strain 14 produced the most severe symptoms of the four viruses 
ami death of the plants was <*ommon. The symptoms observed by 
the writers on this host are not unlike those described by Harter (7) 
exce|)t that the latter did not mention any necrotic conditioJi. Since 
cucumber virus 1, as well as the other three strains used in this study, 
infects Henderson Bush lima bean, it is obvious that this is not a good 
differential host for strains of the cucumber virus group. 

The serious disease that developed from inoculating lupine with 
strains 14 and 17 and cucumber virus 1 is similar to the lupine disease 
reported from Germany by Kohler (/7, 18 )^ who considered it to be 
i(lentical with Ainsworth’s (/) ‘‘yellow-mottle mosaic” (cucumber 
virus 1 of Johnson). 

Wellman (33) reported local lesions on leaves of broadbean inocu- 
lated with celery virus 1 but did not obtain systemic infectioTi. In the 
course of the experiments reported herein typical local lesions were 
also obtained with this virus, and in a few" cases systemic symptoms 
also developed. 

Inoculations of strain 14 to perennial chrysanthemum gave symptoms 
wdiicli suggest a similarity to those of other viruses on this plant as 
reported hy Valleau (31) and Burnett (^)y although the reaction of the 
viruses described by these investigators was different on other hosts 
from that of the four studied here. 
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SPECIFIC IMMUNITY PRODUCED IN ZINNIA BY STRAIN 14 

Price {25) has shown that zinnia plants mottled by any of several 
different strains of cucnmher mosaic virus are immune from his strain 



i' I (JURE 8.- /1, Loaf from iminoculatod tomato; loaf from tomato iiiooulatod 
with Htrain 14 (note stunting and shoestring ty])c of leaflet distortion; a difTusc 
mottle also occurs). 


0, which produces necrotic primary k^sions. Preliminary tests 
indicate that zinnia leaves mottled by the writers^ cucumber mosaic 
virus strain 14 are also afforded protection from infection by strain 
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foriiia Wonder pepper iiifeeted ^Tfh 
greeij island; />, diffuse mottle and distortion 

infected with strain 14 . ortjon m leaflets of Datura stramonium 
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In one test 5 youn§>; zinnia plants were inoculated with strain 14 
and allowed to become tliorouglily mottled; then 4 leavi’s on each 
plant were inoculated with strain G. Five healthy plants were 
inoculated with the hitter virus only, and set a])art for contrcls. 



Figure 10. — Comparable loaves from White Spine cucumber plants inoculated 
with: Celery virus 1; strain 17; C, cucumber virus 1; />, strain 14 (note 

the similarity in the mottle symptoms on this host). 


Lesions did not develop in any of the mottled leaves. The 5 control 
plants developed a total of 173 lesions. In a second test new leaves 
'^ti each of the same 5 plants infected with strain 14 were inoculated 
with Pricers strain 6. As in the first trial no lesions developed on the 
leaves m ottled by strain 14, while 5 new control plants developed a 

* sample of cucumber mosaic virus strain 6 was kindly furnished by Dr. W. C. Price. 

:i02144 — 41 — 4 
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total of 129 lesions. A third series of 5 plants inoculated with strain 
14 were again inoculated with strain 6 before all leaves showed a 
distinct mottle. Four lesions developed on 2 of the leaves that did 
not show mottling. Five control plants inoculated with strain 6 
only, developed a total of 81 lesions on the same number of leaves. 



Figure 11. — -4, Leaf of Honey Dew muskmelon plant inoculated with cucumber 
virus 1 ; B, leaf of same variety as in A inoculated with strain 1-4 (note the 
similarity in mottle symptoms); C, leaf of Cocozelle squash plant inoculated 
wifh strain 14; 7>, leaf of same variety as in C inoculated with strain 17 (note 
the more diffuse mottle in the latter). 
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Five zinnia plants mottled with cucnmher virus 1 were also inoculated 
with strain 6, but no lesions developed on any of the leaves. 

These preliminary tests tend to confirm Price’s {25) report that 
zinnia plants mottled with cucumber mosaic virus are immune from 
infection by a second strain of the same virus. If the failure of 



I'lfiURE 12.- .4, Cotyledon of Kleckley Sweet watermelon inoculated witli strain 
17 (note the typical necrotic local lesions and their similarity to those on 
cotyledons from plants inoculated with strain 14 (H) and cucumber virus 1 (C)). 

^ Cotyledons of Cocozelle squash inoculateil with strain 14: Early 
chlorotic lesions are shown in D; necrosis sometimes follows, as in E: commonly 
the early chlorotic lesions acquire a dark j^reen halo, while the remainder of 
the cotyledon turns yellow, as in F, 
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Figure 13.-—^, Necrotic lesions on inoculated uiiifoliate leaf of Black cowpea 
infected with cuciiinber virus 1, (celery virus 1, strain 14, and strain 17 iiroduce 
similar but fewer lesions on this liost) ; B, larger chlorotic local lesions which 
have become necrotic, a type which also follows inoculation with strain 14 * 
C, later stage of type shown in B, necrosis having spread along the veins* D 
bronzing and yellowing on leaflet of a first trifoliate from a* Black cowpea 
plant infected systemically with strain 14. * 
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Fkjuiik 14. Black c()\vf)ca: .1, Leaf from uniiiociilatcd control; H, extreme 
mottle and distortion on leaf from plant svstemicallv infected with strain 
14. 



Figure 15. Uninoculated plants of Lupinus anguatifoliua L.; B, severe 
stunting of plant infected with strain 14 (mottling, chlorosis, wilting, and 
necrosis also occur); C, comi)arable plant infected with cucumber virus 1. 
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necrotic lesions to develop on the leaves mottled with either cucumber 
virus 1 or strain 14 is due to a specific actpiired immunity it would 
seem to demonstrate further the close relationship of strain 14 to the 
cucumber mosaic group. 

SEPARATION FROM ONE ANOTHER OF THE FOUR VIRUSES STUDIED 

Strains 14 and 17 may be separated from mixtures with bean virus 
1 and bean virus 2 (21) ^ pea virus 1 and pea viruses 2A, 2B, and 2C 
(30) by inoculation to either tobacco or tomato. The five last- 
named viruses may also be freed from strains 14 and 17 by transfer 
to broad bean. 

The four viruses studied cannot be completely separated from one 
another when present in admixture. However, certain combinations 
of these viruses in the same plant may be readily separated out by 
means of differential hosts. Strain 14 can be isolated from a mixture 
of any of the other viruses by inoculation to kidney bean, cowpea, or 
Fordhook Mammoth Pod lima bean. Strain 17 can be separated 
from either cucumber virus 1 or celery virus 1 by inoculation to garden 
pea or yellow sweetclover, but it cannot be separated from a mixture 
with strain 14. Celery virus 1 is freed readily from the other thi*ee 
viruses by inoculation to broadbean. Cucumber virus 1 cannot be 
separated from any of the other viruses by the methods employed. 

DISCUSSION 

In this investigation an attempt has bo(‘n rnad(‘ to d(‘S(‘ribe and 
identify two viruses which were found occurring naturally on pea and 
bean. On the basis of symptoms, host range, modes of transmission, 
physical properties, and immunity studies it appears that they are 
related to the cucumber mosaic virus group, of which cucumbei* virus 
1 may be given as the type virus (4, f-7). Since the term ‘‘cucumber 
mosaic virus group^^ has been commonly used by a number of w()rk('rs 
in classifying a particular strain or group of related viruses, the follow- 
ing review of the more pertinent liti^rature is given in an effort to ori(‘n- 
tate the use of this term and to focus attention on the fact that strains 
appanuitly isolated experimcMitally from the same well-recognized 
virus may differ in symptoms and hosts affected as do those isolated 
from natural material. 

In 1916, Doolittle (3) and dagger (//), working independently, 
reported the occurrence of a transmissible mosaic diseast^ of cucumber. 
Later Doolittle (4) gave a more complete description of symptoms, 
liost range, physical properties, insect and seed transmission of his 
virus. He found that expressed juice from mosaic plants was ren- 
dered noninfectious when heated for 10 minutes at 70® C. or aged in 
vitro more than 3 to 5 days, and that dilutions of 1 to 10,000 still 
produced infection. All species of Cucurbitaceae tested by Doolittle 
and Walker (6) were found susceptible except those of the genus 
Citrullus (watermelon and citron). Of the latter only iho grecMi- 
seeded citron was infected. Additional hosts in other famili(‘s were 
found susceptible, including tobacco, pepper, Physalis spp., catnip 
(Nepeta cataria L.), Martynia louisiana Mill., milkweed (Asclepias 
syriacalj.)^ pokeweed (Phytolacca decandra L.), and pigweed (Amarari- 
thus retroflexus L.). Johnson (15) suggested cucumber virus 1 as the 
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technical name for the cucumber mosaic virus and recommended that 
the one described by Doolittle (4) be regarded as the type virus. 

The natural 0(!currence of a number of cucumber mosaic viruses 
which differ either in symptoms, physical properties, or host range 
have been reported and some have been isolated experimentally, 
dagger (12) distinguished between white pickle’' mosaic and a second 
mosaic of cucumber which caused a mottle of leaves but gave rise to 
no symptoms on the fruit. He (13) also reported a third mosaic disease 
on summer crookneck scpiash and pie pumpkin which could not be 
transmitted to cucumber. E. M. Johnson (14) on the basis of symj)- 
toms produced on tobacco described the following three types of 
cucumber mosaic. Valkmu and Johnson (32) had earlier characterized 
typ(^ 1 by the tc^rm ‘‘puffed;” this type produced symptoms on cu- 
cumber similar to those described by Doolittle (4). Cucumber 
mosaic types 2 and 3 produced different symptoms on tobacco but 
were similar on cucumber and certain otluT hosts. Porter (22) made 
a study of cucumber mosaic obtained from a number of States, 
including Iowa, N(»vv York, California, Kansas, and Kentucky. On 
the basis of symptoms produced on cucumlx^r he concluded tliat all 
sample's ('xcept one weu'e similar to Doolittle’s virus (4). Porter 
referred to thesis isolates as “cucumber virus 1.” The isolate wliich 
diffenal from the oth(*rs was called “cucumber virus 2”; this was 
obtained from Bettendorf, Iowa. In addition to difference's in 
sympte)ms on cucuinbe'r (var. White Spine) tlie latter virus infe'cteel 
waterme'lon, West Inelia gherkin (Cucumis anguria L.), and African 
citre)n (CiirulluH vulgaris Schrael). Ren'emtly Prices (28) lias sheiwn by 
immunity studie'S the similarity of Porter’s “cucumbe>r virus 1” anei 
Deiolittlc’s cucumber virus I. 

Hoggan (10) has ele'seribeel a “yeJlow ciicumbeT mosaic” virus 
which dilfe‘re*el from euicumbe'r virus 1 in preielucing a bright yedle)w 
mottle on tobacco anel otlie'i* heists, but it had identical propertie's, 
meiele^s of transmissiem, anel host range. It was consiele'reel a variant 
of cucumber virus I. A se'conel virus, “cucumber milel nmsaic,” was 
ele'Scribeel by he'r as preielucing mileje'r symptoms anel being lower tlian 
euicumbe'T virus 1 in thermal inactivatiem peiint, tolerance* to elilutiem, 
and longevity in vitro. She considereel that this virus also belemge'el 
to the cucumber meisaic virus grejiip. 

Price (24) was able* tei isolate a number of ye*llow mosaic anel necrotic 
type viruses freiiu the bright ye*llow spots which appeare*el on the 
leave's of tobacco infe'cteel with Porter’s (22) “cucumber virus 1.” 
Each strain was foimel te> prexluce eliflVre'iit symptoms on se'veral 
hosts, but all were> similar in re'gard to thermal eleath ])e)int and aging 
in vitro. In another e'xpe'riment in whieh cucumber meisaic virus 
re^ceived from K. M. Johnson was passeel from primary lesions em 
cowpea in succe'ssive transfers, Price obtaineel e'vidence that the 
virus may occasionally become altereel. This occurreel when certain 
of tlif'se' transfers on cowpe'a dewe'lopeel both yellow anel ne'crotic 
lesions. SubseqiU'nt transfers to cowpe'a freiin the yellow h'sions 
again produced ye'llow primary lesions, a se'vere* syste'inic meittle, and 
also a yellow mosaic in tobacco. 

In lllngland Ainsworth (1) has eleiscribe'd thre'c mosaic eliseaises of 
encumber. Two of these, which he refe'rs to as “green mottle mosaic” 
or “cucumber virus 3” and “yellow mosaic” or “cucumber virus 4,” 
respe^ctively, occur naturally only on cucumber and differ in host 
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range from the third, ‘‘yellow mottle mosaic” (“cucumber virus 1”), 
since they induce sy8t(UMic infection of wat(*nnelon, but tlu^y are not 
infectious to solanaceous plants. lie reports that they also differ 
from cucumber virus 1 in ability to resist aging in vitro for 9 months 
or longer, and to survive heating for 10 minutes at 80° (1, though 
th(‘y are inactivated at 90°. The “yellow mosaic” virus differs 
from “green motth* mosaic” only in symptoms produced on cucumber 
and is regard(‘d as a strain of th(‘ latter. Ainsworth r(‘gards cucumber 
virus(‘s 3 and 4 as distinct from cucumber virus 1, th(‘ last-named 
being id(*ntical with Johnson’s {15) cucumber virus 1. 

It has been shown that virus(‘s of tlu* cucimibtT mosaic group are 
the causal agents of a, number of common disease's of plants otlu'r tlian 
cucurbits. Hoggaii {9) gave evidence that the dis(*as(‘ originally 
(h'.scribed as “spinach-blight” by McClintock and Smith {19) is 
probably identical with cucumlxT mosaic (cucumber virus 1) on 
spinach. Wellman {39) has (h'scrib(‘il a virus causing a seu-ious dis- 
ease of cehuy (ct'lery virus 1) with a much wider host range than 
cucumber virus 1, t)ut it has physical prop(U*ties and symptoms 
similar to those' of the' latter virus. More*, recently Prices {26) in his 
immunity stuelie*s lias give'ii furtlu'r proeif of the close re'Iation betw(*(*n 
cede'iy virus 1 anel his strain e)f cucumbe'r mosaic virus. He has also 
shown {27) that the* viruses eif lily meisaic, ordinary cucumber rneisaie*, 
strain 6 e)f cucumbe'r meisaic, and (*('le*ry mosaic iireiehice similar 
symptoms on lily, anel that zinnia leave's infec'teel with tlie passage 
straJii of lily meisaic virus are' immune to infe'e'tiou freim strain 6 of 
cucumbe'r-mosaic virus. We'llman {S.i) has also obtaineel infee'tie)n 
on bamina with celery virus 1, ivsidting in sym])toms similar to 
bunchy top of banana. Kohler (/<S’), working in (lermany, de\scribe'el 
a lupine' elisease which he' conclude'd was caused by Ainsworth’s (/) 
ye'llow mottle mosaic virus of cucumber (cucumbe'r virus 1). Harter 
(7) obtained a, virus from lima bean which he conclueleel be'longeel 
to the' cucumber mosaie^ virus group. 

The cucumber mosaie* viruse's occurring in the United States, re- 
ported above', are sheiwii to have certain de'finite similaritie's, anel theise 
which were* studied most critically gave furthe*r evieh'nce that the'V 
bc'long to the same group. From the pre'se'ut infeirmation it appe^ars 
that there are a large* number of closedy relate'el viruses which may 
differ gre'atly in symptoms anel hosts affecteel. However, cucumber 
virus 3 and cucumlier virus 4 reporteel from England (/) appear to be 
distine-t freun cucumber virus 1 and, theretbre, probably do not belong 
to the* same group. 

Strain 14, descrilx'd in this pape*r and found occurring naturally 
on pea and bean, has a host I’ange* that parallels, yet e'xce'cds, that of 
cucumber virus 1. fn prope'rty stuelie\s the two viruse's are similar, 
and on certain plants symptom differe'iu’cs are* hard to distinguish. 
The* principal elifiere'ne'e is the ability of strain 14 to infect syste'inically 
kidney bean, h^oi’elhook lima bean, pea, jimsonweed, cowpea, and 
yellow sweetedover. (hicumbe'r virus 1 and cele>ry virus 1 cannot 
be considered infe'e'tious e)n pea, but the fact that symptoms developed 
on a few plants inoculated with these viruses suggests the possibility 
of obtaining strains from the^se viruses that readily infect pea. The 
wwk of Price {2.1/ , 27), who obtained a sti’ain of cucumber mosaic 
systemic on cowpea and a passage strain of the lily-mosaic virus on 
tobacco, lends support to this hypothesis, and furnishes a plausible 
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oxjjlanation for tlie origin of strains 14 and 17. Strain 14 rosornblod 
more nearly celery virus 1 in symptoms, prop(U*ty stiidi(\s, and host 
range than did any of the oth(*r viruses stiulied. Howev(*r, there wen^ 
certain hosts that W(‘r(' infe(‘t('d by strain 14 but not by C(dery virus 1 , 
and vi(*e v('rsa. 

Strain 17, also describcMl in this paper, producers symptoms on 
tobacco ami cuciimb(‘r vvhieh are nearly identical with thos(‘ of 
‘‘cucumber mild mosaic virus’- d(‘scrib(‘d by Moggan (10). Th(‘ 
prop(*rties of the two viruses do not difh'r signifieantly. Strain 17 
has a host range whicli differs from that of cucumber virus 1 only in 
the ability of the forimu* to inf(^(‘t pcai, jimsonwec'd, and sweetclovcu* 
systemically. Only in symptoms do th(‘ two virus(*s diffiu’ appreeialdy. 

At pr(‘sent the natural occurrcuice of strains 17 and 14 has bcMUi 
limit(‘d to pea and bc^an plantings near Madison, Wis. Disi'ascnl fxai 
plants from various parts of Wisconsin showing similar symptoms vv(U‘(‘ 
not iuf('(*ted with th('S(‘ viruses. Wlietlnu’ the limited occurrence* of 
th<*se strains on legnim's is due to their recent origin or to (‘nviion- 
inental factors is at prese'nt only a matter for speculation. Hart(*i ’s 
(7) r(*port of a cucumber mosaic virus on lima bean in Maryland and 
Zaumeyer’s {89} discovery of two viruses of this grouj) on p(*a in 
(V)lora<lo suggest a wid(*spread occurrence of cucumber mosaie* vii*uses 
on l(‘gum(‘s. Swe(*tclov(‘r, which is a host of str*ains 14 and 1 7, suppli(‘s 
a common biennial legume in which the vii*uses may ov<Twint(T. 

Strains 14 and 17 diffeu* distinctly from the viruses of bean mosaic 
d(*scribi‘d by Pi(*rce (81) and tin* pea viruses n’ported by Stubbs (SO) 
in host range*, prop(*rti(*s, and symptoms on c('rtain hosts. Zaum(*y('r 
ami Wade (JfO, 4C inid more recently Zauim*y(‘r (SS) have re])orted 
a number of viruses affect iiig pea and bean. Th(*s(* also differ in 
(‘it her host rang(*, j)roperti('s, or sym])toms. Mow(*V(T, two of these 
(alfalfa virus(*s 1 A and 1 B) (88) are of s])(‘cial inten'st since th(*y infect 
syst(*mically a numb(*r of hosts susc(*ptible to strains 14 and 17^ 
including tobacco, zinnia, and cucumber. The properties of alfalfa- 
mosaic viruses lA and IB, including th(*rmal inactivation point, 
long(‘vity, and t()l<*ranc(‘ to dilution, are within the* range T*(*i)orted 
by s(*V(*ral workers for strains of cucumber-mosaic virus, but Ix'cause 
of the differc'nci's in symptoms and host range it is not probable that 
tlicy an* relatt'd to cucumber virus 1. Neverth(‘l(*ss immunity studies 
similar to tho.se ch'seribed by Price (85) and otln'r direct compai'isons 
of the viruses might prov<* of value in d(*monstrating moi*e distinct 
differences or similarities. 

On the basis of the picsent information virusi's 14 and 17 appear to 
be as closely relat(*d to cucumber virus 1 as a numb(*r of oth(*r v irusc's 
previously reported. Wh('th('r th(\v should lx* regar(h*d as strains or 
as rcdatecl viruses is larg('ly a matt(*r of dt*finition. In this ])apei* thc'V 
have been inferred to as strains primai’ily for tin* conve]iiem‘e of placing 
them in th<*, cucuml)er mosaic virus group, of whi(*h cucumber virus I 
is referred to as tin* type virus. 

SUMMARY 

Th(* two virus(*s discuss(*d in this paper, one affecting peas and tlx* 
oth(>r both peas and beans, were found inducing dis('ase on thes(* 
plants in nature. Since this inv(*stigation has giv(*n (*vid(*nce that 
tin* two viruses an* related to cucumber-mosaic viruses th(*y are 
tentatively referred to as strains 14 and 17 of that group. 
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The symptoms prodiicod on peas and beans arc d(*scribed in some 
detail. Strain 14 infected all 25 strains of bean and the 3 varieties 
of pea tested. Minor varietal and strain differences were observed 
and examples of these an* giv(*n. Strain 17 infecded the 3 varieties of 
peas tested but none of the 25 strains of bean. Neither cucumber 
virus 1 nor celery virus 1 infected any of the above varieties of bean 
systemically, but a few pea plants inoculated with these viruses 
dev(*loped local symptoms. However, infection could not be obtained 
in successive exp(*riments, and for this reason peas are not regard(*d 
as hosts of the last-named virus(*s. 

Three substrains of 14 were isolated; two of these remained stable 
and produced distinct symptoms on tobacco, cucumber, bean, pea, 
and cowpea. Tin* ‘‘yellow’- isolate produ(*ed a more severe disease 
while the “dark gre(*n” isolate was less virulent than the original 
strain. 

On j)lants infect(*d with strain 14 tin* disease was most severe at 
temperatiiies of 24° to 28° C., within which range stunting, mottling, 
and necrosis occurr(‘d. Inoculated plants held at 10° developed no 
symptoms except stunting and epinasty of inoculated primary bean 
leaves. 

The properties of strains 14 and 17 w(*re found to agr(*e in g(*neral 
with those describ(*d for several cucumber-mosaic viruses. Strains 14 
and 17 remain(*d infectious in vitro 7 days at 20° to 22° C. The 
tolerance to dilution is about 1 to 10,000 for sti*ain 14 and 1 to 
1,000 for strain 17. The thermal inactivation point for strain 14 is 
about 65° C. and for strain 17 betw(‘en 65° and 70°. 

Th(^ two virus(‘s were r(*adily transmitt(*d by m(‘ans of tin* p(*ach 
aphid to and from a number of host plants. Mechanic’al transmission 
was also accomplished with or without the us(* of (‘ai'borundum 
powd(*r as an abiasive. No seed transmission was obtain(*d in 580 
pea and 440 b(*an seedlings grown from s(*(*d of plants inf('ct(‘d with 
strain 14. wSeed transmission was not stud i(*d with strain 17. 

Table 3 gives a summary of tin* hosts infecdcal and cardinal symp- 
toms produced by the 4 viruses. This list includ(*s 19 species b(*long- 
ing to 16 genera and 6 families. Strains 14 and 17 inf(*ct(*d all plants 
susceptible to cucumber virus 1, and strain 14 was pathogenic on a 
numb(*r of additional hosts. Strain 17 diiTered from cucumber virus 
1 only in systemic infection on pea, jimsonweed, and yellow sw(*et- 
clover. Th(* host range of strain 14 closely paralleled that of c(*lery 
virus 1 on the plants tested, but each virus infected certain hosts not 
susceptible to the other. On some hosts the symptoms of strains 14 
and 17 were similar to those of cucumlxn* virus 1, but on other hosts 
certain differences were evident. Soybean (var. Manchu) and White 
Dutch clover w(‘re not infectc'd by any of the 4 viruses. 

Preliminary immunity studies give further indication of the close 
relationship of strain 14 to the cucumber mosaic group. 
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TULIP ANTHRACNOSE ’ 


By C. M. Tompkins, attai slant plant pathologist, and H. N. Hansen, associate 
plant pathologist, California Agricultural Experiment Station 


1 


i 


INTRODUCTION 

An antlimcnose diseaso, aHVeting prinnirily tho ptMliincles Jincl 
leaf blades of Darwin tulips {Tulipa (jcsnerkinn h.) was found in a 
o:arden at Burlingame, Calif., in April 1930. A preliminary report ^ 
of the disease has 

alnaidy becui giv(‘n. ; i 

The symptoms of tlu' ! 
disease and the ich'ii- 
tity of the eausal or- 
pniism an‘ diseusscMl 
in this paper. 

SYMPTOMS OF THE 
DISEASE 

Symptoms of tlu* 
disease' on Rev^ H. 

Eubank and Zwaiu'ii- 
bur^, th(' only varie- 
ties of the tulip known 
to 1)(^ susee'ptible to 
natui‘al inh'ction, were 
ieh'ntieal in allre'spects. 

Th(\y consist(‘d of 
small to lar< 2 :e ellipti- 
eal lesions, 0.5 to 2 
em. in length and 0.2 
to 1 em. in width, on 
both peduneles (fig. 1) 
and leaf blades. In 
ge'iK'ral, the long axes 
of the h'sions w('i <' par- 
allel to the long axc's 
of pe'duneh's and leaf 
blades. In tin' early 
stage's of infe'ction, the h'sions are wate'r-soakeel ; late'r, tlu'y be'come' 
dry and blae*k areriind the' margins. Nume'rous smalf, black aeervuli 
develop in the central part of the lesions. 

THE PATHOGEN 

The eausal fungus was reaelily isolated on potato-elextrose agar 
either by tissue plantings from peduneles or leaf blaetes, ov by eliree*d 

f Hecoivod for publimUon August 14, 1940. (’ontril'nlioti from Uio Division of I'lant Pathology, 
California AgricMiltural Exporimont Station. i 

^ Tompkins, C. M., and Han.sen, H. N. ti'lip antuuacnohk. (Abstract) Phytopathologj at). <90. 
1940. 


Ficuue 1.' "-Natiiriil infection of t ulip peHiiiiicl(\s, 
Bhowing elliptical lesions containing small, black 
ace?rvuli, (Collected at Hnrlingame, Calif. 
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transfer of spores from the lesions. In either case, the finigus sporu- 
lates very sparsely. Only a few tiny acerviili are produced on the 
surface of the medium, ami they are entirely covered by a profuse 
growth of aerial mycelium. Like many other imperfect fungi, this 
fungus appears to occur in nature in the dual condition,*^ for, when 50 
single-spore cultures were made, 3 culture types ai)peared, 1 producing 
acervuli and conidia in great abundance with little or no aerial my- 
celium (fig. 2, B), 1 producing few conidia and abundant mycelium 
(fig. 2, C)y and 1 like the parent (fig. 2, A), 

Young tulip plants, vaii(‘lies Rev. H. Eubank and Zwammburg, 
W('r(' placed in a moist chaml)er for 24 hours and tlu'n inoculaU'd by 



FifJURE 2.-- "riiri’O culture ty}>e.s of the pathogen: .1, Tlie juiiuary iwohite; U 
tlie eoin'clial typ(*; (\ the mycelial type (lerived by .single-s])oring from A. 


atomizing with a lH‘avy susjx'iisiot) of spores in wa t(‘r. The inocuhit(‘d 
l)lants wer(‘ then retiirru'd to th(‘ moist cliamlxT for a.n additional 24 
hours, after which th(*y were placed on a bench in the greenhoiiS(‘. 
Control plants wen* not atomized. Infection, as indicated by typical 
lesions on ]){‘duncl(‘s and l(*af blades (fig. 3, yl, B), was obtain(*d in 7 
to 10 days. Under gr(*(*nhous(‘ conditions, the flowers were also 
inf(*cted. Atlditional, succ(‘ssful inoculations wen* math* by atomizing 
the plants directly on b(*nches in the gre(‘nhous(*, without using a 
inoist chaml)er. In all cas(*s, the symptoms pi-oduced by artificial 
inoculation ux-re identical with those produced in nature. Tin* control 
plants remained healthy. The fungus was r(*isoIated, and the reiso- 
lates provc'd pathogenic by inoculation. No inf(*ction was obtained 
by inoculation of the variety Clara Butt which, togeth(*r with Fantasy, 
appears to be immune. 

It was observ(‘d that the first two culture typ(*s (fig. 2, B, (') upon 
single-sporing remaiiu'd constant, whereas the parent type (fig. 2, A) 


5 Hansen, H. N. the dual phenomenon in imperfect fcnoi. Mycolopia HO: 442-455, illus. KWK. 
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again gave rise to the three types. On tulip, the fungus is a typical 
Gtoeosporiurrif producing conidia in well-defined acervuli from ().2 to 
1,5 mm. in diameter. The conidia vary greatly in size from 9.75/i to 
23.75m by 3.25m to 7.25 m, with the gre^ater numbc'r measuring about 
15.0m l>y ^'i.OM* 

In reading descriptions of the many spc'cies of Gheosporium in 
Saccardo,^ one cannot fail to notice how clos(dy many of the species 



Fiv'juke 3.- Artificial inU'ctiuTi uf Zwanenburji 1iilii)s iiroduccd by {itoini/iiijr w ith 
ii water su.sjK'iksioii of sfiores in the greenhouse: ^1, lnfc‘cted ]>eduncles; B, in- 
fected leaf l)lade. All lesions show a water-soaked margin, while tlu' central 
areas contain numerous black acervuli. 

res('inbl(^ each otluM* morphologically. Seemingly, habitiit or host lias 
in most instanc(‘s si'rvcul as the main basis for s('pai*ation. K(H;*ogniz- 
ing tlu‘ ina(lequacy of such a system, it seems d(‘sirabl(‘ to refrain from 
further (‘iHuimbering the literature by adding a n(‘W spt'citvs (o a gcMiiis 
ali-eady so num(*rously ri*pres(uit(Hl, The hard recently set in the 
taxonomic treatnuMit of fusaria^ will be followed. Thus, this fungus 
is considered to be a form of the oldest species of Gloeospiyriutn oc- 
curring on a monocot, tlu' description of which will fit within the' limits 
of m(‘asurem(Mits given above. Tlu' nam(^ Gloeonporiura thumenii 
Sacc. f. tulipae forma nov. is proposed. 

The method of overwintering of the fungus has not been (hdtTinined. 

^ SaCCARDO, F, a. SVl.UXJK FCNOORI M OMNtl’M aiTUSQUE COGNITORCM . V. 3, p. 721. 1HS4. 

* Snydkr, \\ . C., and Uanskn, U. N. the .mpecik.s concept in fcsakium. Anicr. .lour. Bot. 27; (H-O?. 
1940. 
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SUMMARY 

Tulip anthracnose occurs at Burlingame, Calif. 

Symptoms consist of elliptical lesions which at first are water-soaked, 
but latc'r bc'come dry and covered with fruiting bodices. 

Jrdection of the variety's Rev. 11. Eubank and Zwanenburg was 
obtaiiK'd in 7 to 10 days by atomizing the plants with a water susi)en- 
sion of sjjores. The varieti(>s Clara Butt and Fantasy appear to be 
immune in tlu' field and in the greenhouse. 

Th(^ name (Roeosporium thumenii Sacc. f. tulipae forma nov. is 
proposed. 
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THE INFLUENCE OF TEMPERATURE AND SEASON ON 
THE CITRUS RED MITE (PARATETRANYCHUS CITRI) ' 

Hy Jj. L. En(}LI.sh, entomologist^ Department of Zoology-Entomology ^ Alabama 
Agricultural Experiment Station^ and G. F. Turnipseed, entomologist^ Alabama 
Department of Agriculture and Industries ^ 

INTRODUCTION 

Sovoral investigators have emphasized the importance of ternpera- 
turi*. in relation to the develo])ment and abimdatice of the citrus rtnl 
mite {Panitetranychui^ citri McG.). Woodworth obscawed as early 
as 1902 that therii was a relationship between the population of this 
pest and the se^ason of the year. Quayle ^ noted that the ])opulation 
of mites reached its greatest density eluring the spring months and 
iar'gedy disappeared in the summer. Boyce, ^ some years later, 
pointed out that infestations of this mite were distinctly limited by 
climatic, factors and tliat it thrived best undcu* cool, semihumid con- 
ditions. Quayle® prc'sented a map showing that the regions of 
California in which th<» citrus mite is a serious pest are along the 
Pacific coast. At Los Angeles, for example, the mean monthly 
temperature is about 70° F. in July and August. At Riverside^, 
where the mean monthly temperatures for these 2 months is 75°; 
citrus mite occurs but is not an important pest. Further inland, at 
Lindsay, the mean monthly teunperature is near 80° during July and 
August, and in this re^gion the citrus mite is not known as a pest. 
Although the influence of temperature on th(> citrus red mite has been 
recognized, apparently no definite relationsliip b(> tween tcunperature 
and mite development has been estai)lish(Kl. 

The experiments whost*. results are herein reportcMl wore carritHl 
out over a period of scweral years. Temperature observations, tlu'. 
time recjuired for mites to develop from egg to adult, and the haigth 
of life of individual mites Avere n^corded from 1930 to 1936, inclusiv(\ 
After preliminary studies showed that a relationship existed betwiaui 
temperature and incubation and development, additional cultunrs 
were started in 1938 to obtain more complete data on life history, 
as well as further information on the variation of development with 
s(>ason. From these data a,n attempt was mad(^ to show that, al- 
though develoj)ment is acc(4(U'ated by increases in temperature, 
other factors promote population density in cool weather. 


' for publication Dec. 11, llWi). 

^ Field laboratory, Sj)ring Hill, Ala. 

Woodworth, C. W. the red .sriPKR or citri’s trees. Calif. Agr. Expt. Sta. llul. uri, 19 pp,, ilhis. 
19()‘2. 

* Qitavle. H. J. citrus fruit insects. C'alif. Agr. Expt. Sta. Hul. 214: (4431 512, illus. 1911. 

^ Boyce, A. M. the ciTRirs red mite varatetranvchus citri m'o. in California, and its control. 
Jour. Econ. Ent. 29: 12.5-130. 19,30. 

•* Quayle, Henry J. insects of citrus and other subtropical fruits. pp., illus. Ithaca, N. Y. 
1938. 
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METHODS 

Tln‘ rojirui^ cells construct(>(l of fc'lt and celluloid describtHl by New- 
comer and Yothers' were* used for observing individual mites. From 
1930 to 1930, inclusive*, cells half an inch in diameiter were used. During 
1938 the size of the* cells was incr(*.ased to 1 inch to provide more freenlom 
and food for the individuals. The cells were fastened to the leaves of 
small Satsuma tree's grown in 12-inch pots in a roofless, screeruHl 
insectary. The ])ortion of the leaf cncloseHl by the ceil was elrawn in 
a notebook, anel daily records of oviposition, hatching, etc., were kept. 

We*athe*r re(!e)rels we*re‘ obtainenl from maximum and minimum 
tinu-mometers and a hygrothermograpli in an instrument shelteu* 
ne'arby. Cutright,® and e)thers as W(*ll, have receignized the limitations 
in the use* of the*- me>a.n of the daily maximum and minimum tempera- 
tures for stue lying biological phenomena. His method of calculating 



Figuke 1. — Tlie^nnograph chart with calculated average temperature indicated 

by dotted line. 


ineuTin tem])eratures from planimt)tt*r measure*rneuits of therme)gra,|)h 
charts was simplifie*d somewhat by the use of the following formula: 

+ where 

T = the* avevrage temperature, 

7^= the temperature range of the th(U*mograph chart, 
yl= the area in square centimeters under the t(*mp(^ratur(* curvt> for 
the period of observation (measured with a planim(‘t(*r), 

-t4' = th<^ area of the chart in square centini(*.ters for the period of 
observation (calculated from the dimensions of the chart), 

/ — the minimum recordable temperature on the chart. 

The average temperature obtained from a mean of the temperature 
values at 2-hour intervals on the chart in figure 1 was 56.61. Thc^ 
average temperature computed by the above formula was 56.48. 
Tlieoretically, the formula gives the temperature value which would 
be obtained by taking the mean of an infinite number of observations. 

In actual practice* the temperature area was obtained from identical 
charts, and every period of development was recorded as ‘‘average 

f Newcomer, E. J., and Yothers, M. A. Aiolooy or the European red mite in the pacific north- 
west. U. S. Dept. Agr. Tech. Bui. 89, 70 pp, Ilius. 1929. 

« CUTRrOHT, C. R. NOTES ON THE COMPUTING OF MEAN TEMPERATURES FOR BIOLOGICAL USE. Ellt, 

Soc. Amer. Ann. 20: 255-261, ilius. 1927. 
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daily area.” 
roduc(?d to 


The eoiiv('rsion of area to average teinperaturc' is tln^ii 


90 

7.()X4.() 


+ 10 


==-2.9()zl+10. 


The teinp(»rature values which were plottcnl on cross-section paper 
were the average teniperaturi's corresponding to individuals with 
identical developiiKMital periotls. For exainjde, records were* obtained 
on 12 individuals which (h^veloped from egg to adult in 15 days. 
Therefore, the' averagi' t(‘ini)ej‘aturi‘ for llie 12 devidopinental periods 
was ])lotted against 15 days. The constants of (‘Cjuations and the 
curve's r('pr('S('nting th(‘ rc'lation he'twe'cn average temperature and the* 
dev(*lopinental period W(*re calculate'd by the method of least square's. 

RESULTS 

THK EFFECT OF TEMPERATURE AND SP^ASON ON THE INCUBATION PERIOD 

''Flu' incubation jieriods of 1,895 (‘ggs witc obseTved over a period 
of 8 years. When the' incubation pc'riod was plotte'd against the* 
average te*ni])e‘rature‘ on se'milogaj'ithmie* pape*r, the points fe*ll ap- 
proximate'ly aleing a straight line, indicating that tlie e'xponential 
(‘(juation y—ae~^'^ weiuld e‘X])re‘ss the relationship (fig. 2). In this 
e*e|uatie)n y is the* incubatiem pe*rioel in elays, ./• is the ave'rage* te'mpera-, 
ture in elegree's Fahre*nheit, anel a anel h are* e'onstants. '^^Fhe* value* 
found for a was 1,125.8, and feir b, 0.073. He'nea* the* relationship 
be*twee*n the* iire'ubation pe*rioel anel average te*mpe*r*ature* is e*xpr*e*sse*el 
by the* e*e|uation y--- 1 , 1 25.8e~“”"^'^. 

This e‘e|uation is use*el for e'stimating the* incubatiein pe*rie)el. Sup- 
]}e)se the are*a unde*!* a tempe*r*atur-e curve* leir an e*stiniate*el ine-ubation 
pe*rie)el erf a week was me'asured anel the average* te*mper-ature* was 
Jounel to be*. 04.3° F. Substituting (>4.3 for .r, the e*e|uatie)n be*- 
e*e)me*s ?/-“ 1 , 1 25.8e Fr-orn an e*x])one*ntial table* it is feiunel 

that c 0.0092. The*n ?/== 1 ,125.8X0.0092, or 10.3. The e)bserve*ei 
value* was 10 days. 

When the ave*r*age* ine'rrbatiejn peiieiel was pleitteel against the* time* 
in months from January to Deeembe*r, a U-shape*el curve* re*sulte‘el 
(fig. 3). The^ incirbation ])e*rie>d averageel 20.4 days for e*ggs elepositeel 
in January. I)ur*ing May, June*, Jirly, August, and September tire* 
average range*(l from 5 to 0 elays. Eggs depositee! in De'cernlier 
required an averager of 23.4 days to hatch, indicating that they we*re* 
e^xposed to more* cold w(*atlier subsequent to deposition than those* 
deposited in any othe‘r month. 

THE EFFECT OF TEMPERATURE AND SEASON ON DEVEIOPMENT FROM EGO TO ADULT 

A study of th(> data from 56 males and 176 fe*male*s whie-ii we*i’e* 
observed from egg to adult reveah*d that the r(*lationship be*t we*e*n the* 
time of development and average temperature was also e*xponential. 
Data on males and females were examined separately but no significant 
difference in their rates of development was found. The equation 
and curve were developed from the <*onibin(*d data on males and 
females (fig. 4). The equation whi(*h expresses the relationship be- 
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tween average temperature and the time required for development 
from egg to adult is ?/— where x is the average tempera- 
ture and y the period of development. 

Only 10 or 12 days are required for development from egg to adult 
in the summer. The periods are much longer in the winter months 



50 55 60 65 70 75 

AVERAGE TEMPERATURE rF.) 


FifJiTiiE 2 . — The relationship between average temperature and tlie length of tlie 
incubation period: a, Data plotted on cross-section paper; 6, data plotted on 
sem i logar i th mi c paper. 

and an extreme of 50 days was recorded for 1 female. The average 
length of these developmental periods forms a U-shaped curve as the 
season proceeds from January to December (fig. 5). An average of 
34.5 days was required for egg to adult development from eggs de- 
posited in January. In February this average dropped to 26.2, and 
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by Mareli to 19.9 days. Broods beginning in May, Juno, July, and 
August required 12 days or less for dcvelopiiKait, but by November 
tlie requireiiKait bad advaneed to more than 30 days. 

DPiVELOPMENT P'ROM EGG TO EGG 

Aft(u* becoming adult, ft'mah^s may spemd from 3 to 20 days, or ('ven 
more, befon‘. d(‘posiiing IIh* tirst egg. Tiu^ time. s])(‘nt, in the p(‘riod 
of preoviposition varies greatly with the season, just as other ])(‘riods of 
d(‘V(‘lopment vary. The lito. cycle ranged from 13 to In days in th(‘ 
summer to 01 days for a brood b(‘ginning in l)(M*('jrd)er. 



t’HOiiiE 3 . The relutii)iisliij) IxHween the .s(*asuii aiul the average length of tlie 

incubation period. 

A study of tin* length of the life cycle of f(aiial(\s and the averages 
ttanperature disclosed that the data api)roximat(^d a straiglit line wIkmi 
plotted on stunilogarithmif’ ]>aper (fig. (>). Th(‘ (‘quation d(‘riv(*d from 
t hese data was y- 1,305. where y is th(‘ time in days from (gg 
to (gg and X is the average temperature. 

THE ADULT LIFE SPAN 

The outstanding difTerence in the life history of mnh' and hanale 
mites is the length of life after reaching the adult stage. Adult mal(*s 
originating in June, July, and August, lived only an average' of 5 or (> 
days, while feunaJes lived about 13 days in the aciult stage. The aver- 
age adult life span of 126 female's was 21.8 days and that of 55 mah's 
was 14.5 days. The seasonal diflPerences are shown in figure 7. 
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The inflvienco of teinpc'raUiro on tiio adult life span was not so 
marked as on devclopincuit, but it was evident that a general correla- 
tion existed. A straight line, rather than an exponential curve, 
appe^ars to b(‘ a valid expression of the relationship between average 



AVERAGE TEMPERATURE (•R) 

Fiouke 4.^ — The relationship between average temperature and development for 
the period from egg to adult: a, data plotted on cross-section paper; h, data 
plotted on semilogarithmic paper. 

temperature and the adult life span (fig. 8). The line fitted to the 
data on males has the equation y = — 94.44, and that for females 

has the equation j/= — 1.40a!+ 117.25, where y is the adult life span 
in days and x is the average temperature. 
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THE TOTAL LIFE SPAN 

Studies W(U*e iua(J(’! of the average teTn])eratures of birth-to-dealh 
periods of both males and females hut no satisfactory relationshii) 
was established. Since the time of d('veIopment from to adult 



Figure 5. — The relationship between season and development for the period from 

egg to adult. 

was found to be an exponential function of average temptTature, while 
tlie adult life span was a linear function, it is evident that, although 
there is a relationship bet ween the birth-to-death ])eriod and average 
temperature, it cannot be expressed by a simple equation. 
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Tli(»v (liflV'reiice in tho total litV. span of the sexes arises mainly from 
th(^ diff (‘fence in the longevity of the adults. The average total life span 
of females varied from 89.3 days for those oi-iginating in January to 
10.6 in July and 00.8 in Novcanber. Males averaged 84.0 days for 



PiouRE 6. — The relationship between average temperature and devcdopineiit for 
(he period from egg to egg: a, Data plotted on cross section paper; h, data 
I)lotted on semilogarithmic paper. 


January and declined to a minimum of 10.2 days for June, but one 
male which originated in Novcmlx^r lived for 94 days (fig. 9). The 
average length of life for 125 females over all seasons was 30.4 days; 
the average for 55 males was 22.9 days. 
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THE RELATIONSHIP BETWEEN OVIl^OSITION AND THE ADULT LIFE SPAN OF FEMALES 

The curves representing the julult life span of females originating 
in the months of January to July, inclusive, was V(‘ry similar to the 
eurvo representing the number of eggs deposited (fig. 10). Th(‘ 
average adult life declined from 38.0 to 13.2 days for this period, 
and the average number of eggs deposited ranged from 39.0 to 15.8 
TXT female. It will be observed that the average numlier of eggs 
laid exceeded the average number of days spent in adult life. Jfenc(\ 
more than 1 egg per day was deposited. The maximuin rate was 1 .50 



J^'kjttke 7. — A comparison of the adult life span of males and females in different 

seasons. 

tier day by females originating in February. Beginning with August, 
the egg-curve dropped below the life-span curve and remained below 
it the rest of the calendar year. Oviposition rea(*hed the minimum 
i-ate of 0.21 eggs per day by females originating in October. The 
data used are for the year 1938 and the valiu'. plotted for DecemlxT 
is probably in error, since only one individual originated in this 
month. 


THE VARIATION OF MITE POPULATION WITH THE SEASON 

From monthly egg counts on 10-cm.^ disks punclu'd from untreated 
leaves an indication of the variation of mite population with the 
season was obtained. A curve was prepar(‘(l from the average of 

307732—41 2 



AOULT LIFE SPAN (DAYS) 






Jan. i5» 1941 Influence o f Tem perature on Citrus Red Mite 75 


counts made during 6 years (fig. 11). Ordinarily the population of 
mites is highest during March, April, and May. It will be observed 
that there was a gradual decline in tlu^ number of eggs as warm 
weather approached. The peak indicated at the last of June* was 
obtained from an unusually hc^avy infestation which developed 1 year 
out of the f). It is b(‘lieved that this was exceptional. During iho 
hot months of July, August, and September, egg counts wer(* very 



Kkotre 9 . — The relationship between the .se*ason and the total life span (birth to 
death) of males and females. 


low, indicating unfavorable conditions for mites. With the advent 
of cool weather in the fall tlu» population began to buikl up again. 

Inasmuch as the development of the citrus n^d mite has Ix^en shown 
to be a function of temperature, it may be asked why the population 
does not reach its greatest density in the summer. Although th(‘ 
time required for the incubation of eggs and development is shortest 
in the summer, otluT factors are of more importance. For example, 
at 50° F. the calculated time for development from egg to adult is 44.1 
days; at 80° the time is 8.1 days. Hence, development at 80° is 5.4 
times as fast as at 50°. But the adult lif(' span is more than 9 times 
as long at 50° as at 80° (fig. 8). Thus the rate of development in hot 
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wc*atli(*r is more' than ofl'set by tli(^ longer life in cool weather. This 
fiietor aloru'- would «ceoiini for an iner(>ase in tin*, population in cool 
weather. "I\) increase furtlna* tlu'i population potential for cool 
wc'ather is the fact that during the season of greatc'st population 
density more eggs per female arc deposited (fig. 10). In addition, 
high temj)eratures are j)rohahly h^thal to the mites, since if the curv(‘s 
in figur(‘. 8 wcu'c (‘xtrapolated th(^ thermal death-point would fall at 
about an aveT'age temperature of 85°. 



PiGUKK 10. — The relationsliip between the season, the averas(' life span of adult 
feinalcs, and the average iiuinber of eggs detxxsited. 


In s])ite of favorable t(*mperature conditions in the fall, mite poini- 
lations do not usually be(*omc dense at this season of tlu' year. In 
the first place, the population must recover the* monuaitum lost in tlu^ 
summer. In the sei^ond place, the rate of egg production |)er femah‘. 
is low. It is possifile, too, that the quality of the food is an important 
influence on mit e i)opulation. In the fall of the year tre(‘S have a load 
of ripening fruit and at the sarnie time are entering a semidormant 
stag(‘. It will be noted that the population beconu's dense in the 
spring when fertilizing and cultural practices usually hflVe been 
start(»d in the orchards and the trees assum(>! vigor. These factors, 
in addition to tem])erature conditions, arc? probably favorable to the 
mite. 
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SUMMARY 

Several j)has(‘s of tJie life history of the citrus red initio W(*r(‘ found 
to he matlK'iiiatieally relatcul to tlu* averti^e temp(*ratur(‘ comiJuted 
from thermo^ra[)li charts. The h^iigth of the incuhation p(U*iod, th(* 
time for development from e^^ to adult, and the tinier for devc^lopment 
fi'om to egg were found to be functions of average temp(iratur(‘, 
which could be approximated by the expon(‘ntial equation y^(ie~ ^^:^ 
wluTe y is the pc'riod of t-irm^ in days and x the average temperatuT*e in 
d(>grees Fahr(‘rdi(Mt. The duration of adult life was found to be a 
linear function of av(M*ag(^ temperature, conforming to the equation 
y— 6, where ?/ is th(‘ time in days and 3’ is the av(*rage temp(*rature. 



Fjcuihe 11. — The seasonal deii.sity of citrus rod inite as indicated by egg counts. 


The av(*rag(‘ incubation jx'riod and the time for developimuit from 
(*gg to adult formed U-shaped curves wlnui plotii'd against the months 
from Januaiy to l)(»ceml)er. The adult life span and th(‘ total life 
s])an of mites also approximated U-shaped (uirvu's wIkui plott(‘d 
against the months of tlu‘ year. The adult life span of mal(>s was 
found to be shorter than that of females. 

Th(*. pojjulation of the citrus red mit(‘ declines in hot weather and 
increases in cool w('ath(»r. The ('arly spring months apparently 
afford optimum conditions. Although the ternperatuj(\s at this 
season do not induce the most rapid development, other factors, such 
as the long life of the adults and the high rate of egg production, aid in 
promoting the maximum population. 




CYCLOCEPHALA (OCHROSIDIA) BOREALIS IN 
CONNECTICUT ^ 

By . 1 . Petkh Johnson 

Assistant entomologist, Connecticut Agricultural Experiment Station 
INTRODUCTION 

Since grul)s of annual sp('ci('s of s(*arabaeidae hav(? l)e(*oinc more 
prevalent and injurious to turf in the nortluaistern part of th(» 
ITnited States during the last twod(a*ades, it is inereasing:ly important 
that th(* biology and deserif)tion of such pests be mad(‘ available to 
economic entomologists. 

(^yclocephala horealif< Arrow “ has n'ccuitly IxH-ome a s(U‘ious pt'st 
of lawns in (Connecticut. In ordcu* t,o determine how to combat it 
succ(‘ssfully, the studies descrilxxl below have been carried on ovxu* 
the past years. 

( ^ycJoce phala horealis occurs as far south as Alabama and westward 
to (California,'^ its range extending over most of the United Statt‘s. 
It was found in Connecticut for the first time wlxui grubs colleeted 
from injured turf on an estate in Westport November 12, 1931, 
were identified as larvae' of this scarabac'iel. 

Din ing October 198(), two ditlerent lots of grubs were received for 
identification from (ireeMiwich, wliere' seven' lawn damage had 
oc'curi'ed. In tlu^ fall of 1937, grubs were received from East Nor- 
walk, Fairfn'ld, and Ore('nwi<*h. ITpon iTivestigation it was found 
that approximate'ly 15 aeu’c's of lawn area had been badly injurexl or 
destroyed by the insect. In 1938, additional infestations we'n' found 
in Oreenwich and Norwalk, and anotlx'r was rc'ported from East 
llai'tford. Other infc'stations were found in 1939 on two golf courses 
in Fairfic'ld and on one course in wStamford. It is ('vident from the 
information at hand that a scattered infestation exists in the shore 
towns in sout hwc'stern Connect i(*ut . 

This insect is usually a pc'st of grassland, and a Ix'ief account of its 
injuriousix'ss to lawns in Ohio, tog('th('r with C('rtain exp('rim('nts 
in control nx'thods, has Ix'cn givc'n by Nc'iswander (8). It has also 
been reported by Sweidv (/7) as injurious to winter wheat in Nebraska. 

Certain morphological and biological studies of Cyclocephala {Ochro- 
fiidla) horealis have b('en made in rc'cent. years. Saylor {9) has described 
the adult male and published illustrations of the male genitalia. Sim 
(10) has described the larva and illustrated the t'pipharynx and rastc'r. 
Neiswandei* (8) also r(‘port('d on the life history of this insect. The 
biology of C. (trillosa) borealis as reported by Hayes (6*) in 1918 was 
really that of C, irrmiaculata Oliv. (7, p. 67), 

' Ri'Ct'ived for publicat ion June If), 1940. 

* Or. K. A. Chapin, U. S. National Muscuin, confirmed the identification of thi.s senrabaeid as C. horeatis 
Arrow from duplicate material submitted to him. 

U. S, Department of Aoricultpre, Burkai' of Entomology and 1'lant Qtarantine. the 
INSECT PEST SURVEY BULLETIN. 1930, 1931, 1934, 19.37, 1938. | M imeoKraphcd.] 

* Italic numbers in parentheses refer to Idterature Cited, j). 80. 
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SYSTEMATIC POSITION 

This scarabaei(i was originally described by Burineister, under 
the subfamily Dynastinae, tribe CyclocH'phalini, as Cyclocephala 
nillosa. Since two species received the name of Cyclocephala mllosa, 
the first being Blanchard ^s Bolivian species and having priority, 
Arrow (f, 172) renamed the North American species borealis. 

Casey (5, pp. 109-147), i^i his review of the subfamily Dynastinae, 
placed t^Ulosa in the genus Ochrosidia. Arrow considers Ochrosidia 
as a subgenus. The Leng Catalogue (^, p. 54) lists the species as 
Cyclocephala borealis Aitow\ 

DESCRIPTION AND LIFE HISTORY 

THE EGG 

The ('ggs of Cyclocephala borealis when laid art^ pearly white, ovoid, 
and delicately reticulate. The sides of some are nearly parallel, 
with rounded ends. When first laid, 15 eggs had a mean length of 
1.08±0.02 mm. and a mean breadth of 1.8i0.01 mm. The eggs 
begin to swell 2 or 3 days old, reaching a maximum size just before 
hatching. Eight other eggs measured 1 day before hatching had a 
mean length of 1.08 ±0.03 mm. and a mean breadth of 1.58 ±0.04 mm. 
It will be noted that the mean length of the newly laid eggs is the same 
as that of those ready to hatch, 1.68 mm. This would indicate that 
the egg enlarges transversely during the development of the embryo. 

While eggs have been collected in the field as early as Jun(‘ 29, 
deposition continues throughout tluj flight period. The majority are 
laid in turf between 4}i and 6 inches below the surface. Some have* 
been found at a dc'pth of only 1 }i inches but none below a depth of 0 
irudies. The maximum niUTd)cr of eggs laid by a single female beetle 
under insectary conditions was 29 and the minimum 3. A total of 362 
eggs was laid by 32 females, the average being between 11 and 12 peu* 
female. Females, collected in the field from pupal skins on July 6 and 
placed with males on July 7, deposited eggs on July 8. The majority 
of the eggs in the ins(?ctary hatched in 20 to 22 days. Just befoi e 'tlu* 
larva hatclies, the mandibh's and portions of the liead capsule, which 
hav<^ Ix^come darkernxl in color, are visible through the chorion.* 

THE LARVA 

The larva" passes through three instars before attaining full growth. 
The mean dorsal length of twenty-one 1 -day-old larvae was 
5.08 ±0.05 mm. The mean cranial width of 20 first-instar larvae 
was 1.57 ±0.01 mm. The mean cranial width of 15 second-instar 
larvae was 2.32 ±0.01 mm. Full grown third-instar larvae differ 
somewhat in size. The mean length of 27 specimens was 22.7 ±0.1 2 
mm., individuals ranging from 20 to 24 mm. The mean cranial width 
of 44 specimens was 4.12 ±0.01 mm. 

The head of the full-grown larva is yellowish brown in color, and 
the body is white. The anal slit is transverse and arcuate. The 
raster has a sparse group of coarse, long, hooked, brownish spines, 
which become larger toward the anal slit. Figures of the full-grown 
larva, together with structural characteristics of the epipharynx, 
mandibles, maxillae, and prothoracic and metathoracic legs are g^iven 
in figure 1 

« The figures of the i)ui>tte and the epipharynx of C. immaculata were prepared )>y the uutiior; all others are 
by Elizabeth Kaston. 
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Fi(iUitE 1.- Larva and pupa of Cyclocephala borealis: Ay Ivarva entire; By riglit 
mandible of the larva, showing area of striation; O, ventral aspect of the anal 
segment of the larva; Dy protlioracic leg of the larva; Ey eeplialic aspect of the 
left maxilla of the larva, showing one very large, seven median, and two small 
stridulating teeth; Fy epipharynx of the larva; Gy metathoracic leg of the larva; 
lly the five anterior stridulating teeth of the left maxilla of the larva; /, epi- 
pharynx of C. immacidata ; ventral view of the last three segments of the female 
pupa; Ky ventral view^ of the male pupa. 

Morphologically the larvae of Cyclocephala borealis Arrow and 
C, immaculata Oliv.^^ are very similar, hut the haptomeri of the two 

® Appreciation is hereby acknowledged to Dr. P. O. Uitchcr for the receipt of many fine larval specimens of 
C. immaculata from Kentucky. 

3077n2— 41 3 
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species are somewhat diffe*rent in structure. A figure of the epipharynx 
of Immaculata is shown in figure 1, K, The haptomerum of borealis 
has a definite single, large, sclerotizcd, rounded plate and straight apex, 
with a deep notch to the left of the center of the zygum. The dark- 
ened chitinized anterior edge on the right lobe is about four times as 
broad as it is deep. The breadth of the left lobe likewise is about twice 
its depth. In immaculata the rounded, sclerotizcd plate does not 
terminate as definitely as that of borealis, and the notch is more 
centrally located but rather indistinct. The lobes are more nearly 
equal in size, with the dark, chitinized apical edge of the right lob(*. 
more than two times as broad as it is deep, while the breadth and depth 
of the left lobe are about equal. The dark, chitinizt'd apices of th(‘ 
lobes are more distin(*t than in borealis. 

Feeding begins almost immediately after hatching, and larvae* less 
than 1 day old are discolored by food in the alimentary tract. The 
larvae fired on organic matter an^ on the roots of plants, in Conru'edicut 
primarily on the roots of turf. 

Damage to turf usually occurs in September or October and in the* 
spring. Three diggings in different localities where such injury was 
evident yielded, respectively, .33, 48, and 64 third-instar larvae* to 
1 square foot. Third-instar larvae were observed in the fi(*ld on 
September 7, and it is evident from field observations that the larvae* 
are in this instar wheui they go into hibernation. 

The larvae react to changers in soil temperature in a manner similar 
to that of other scarabacid larvae, descending at the onset oi colei 
wciathe^r in the fall and ascending in the spring. Larvae in individual 
cases will dc^.scend to a depth of 18 inches to hibernate. In 1939 the 
descent began early in November, when the larvae were found dis- 
tributed at depths ranging from 2 to 14 inche^s, as shown in table 1. 
One digging made on April 12, 1938, before the upward movermuit of 
the grubs took place, revealed 11 larvae in the upper 3 inches of soil, 
19 larviie at a depth of from 3 to 9 inches, and 1 larva moi’c than 9 
inches deep. Winter mortality may be heavy; in one digging 30 of 
61 grubs found were dead. At a later date in diggings made elsewhere, 
many dead grubs were noted at hibernation depths. 


Tablk 1. Depth to which larvae of Cyclocephala borealis descend to hibernate, 10H0 



THE PUPA 

The pupa when newly transformed is creamy white in color, but it 
gradually turns a reddish brown. The mean dorsal length of 16 
preserved pupae was 16.78 ±0.18 mm. Figure 2 illustrates the 
differences between the sexes. The male genital segment (ninth 
abdominal) bears a pair of conspicuous lobes. In the female*, this 
vsegment is partially divided a short median suture, antejrior to which 
is situated the gonotrcmc. The sex of the older pupae may also be 
determined by observing the sexual differences of the tibial spurs 
through the cuticle of the prothoracic legs. 
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The pupal period occurs during June. On Juik' 8, 1939, a digging 
adjacent to the shore of Long Island Sound yielded 25 larvae, 51 
prepupae, and 41 pupae. A second digging was made at the same 
place on June 19, 1939, and 3 larvae, 2 prepupae, and 36 pupae were 



Fkjure 2. - Cyclocephala borealis: A, Adult male; B, prothoracic log of the adult 
male; C, dorsal aspect of the mandibles of the adult male in situ; I), mesal 
aspect of the right mandible of the adult; female antenna; b\ male antenna 
on same scale as E; G, prothoracic leg of the adult female on same scale as B; 
H, end view of the male genitalia; /, dorsal view of the male genitalia; 
lateral view of the male genitalia. 
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found. An examinaiion of larvae placed in a 24-inch glazed tile the 
preceding fall was made on June 9, 1939, and 42 larvae and 2 prepupae 
were found. About 75 larvae were used for rearing purposes at room 
temperature and also at 78^ F. The prepupal period was 4 to 5 days 
in length. The length of the pupal period varied from 11 to 16 
days, but the largest number emerged as adults on the fourteenth and 
fifteenth days. 

THE ADULT 

The adult is chestnut brown in color and covered with fine hairs, 
the male being slightly larger and somewhat darker than the female. 
The mean dorsal length of 22 adult males collected from pupal skins 
was 11.84±0.10 mm. and the breadth 6.76±0.06 mm. The mean 
dorsal length of 22 females collected from pupal skins was 11. 03 ±0.07 
mm., and the breadth 6.66 ±0.04 mm. The males are distinguished by 
their larger tarsal claws, shorter and nanower tibial spurs, and longer 
antennal lamellae. In figure 2 are drawings of a male, the pro- 
thoracic legs and ant(umae of the male and female, and the male 
genitalia. The body of Cyclocephala borealis j (t9, pj), 989-990) ^ is 
pubescent above, and the antennal club of the male is longer than all 
the other antennal joints together. C, immaculata is smooth above, 
and the antennal club of the male is shorter than all the other antennal 
joints together. 

The adults are nocturnal in habit and remain in the soil during the 
day. Careful observation during the evening when the adults were 
active and again during daylight hours failed to indicate feeding of 
any kind. The alimentary tract was empty and atrophied in all siDeci- 
mens examined. The mandibles are fully developed but apparently 
unfitted for chewing, for they are anteriorly excurvate rather than 
inciirvatc (fig. 1, (7). 

Just about dusk, or half an hour before dark, on warm, humid 
evenings, adults may be observed emerging from the soil and climbing 
to the tips of the grass in lawns. Occasionally one will take wing and 
fly rapidly just above the ground. As the darkness deepens, more and 
more beetles emerge and greater activity is observed. From investi- 
gations made during the last 2 years when adults were present, it 
appears that males are predominant in activity and flight. They 
usually fly from 1 to 2 feet above the ground in search of females. 
vSomc, however, will fly somewhat higher and dart away in the dark 
or toward a light to which they are attracted. Wlien the insect takes 
to flight, the wing vibrations have a characteristic sound. Flight and 
general activity cease before midnight. On cool evenings, flight is 
lessened and the adults are present only for a brief period. 

The female beetles emerge and rest on the surface of the soil, if it is 
void of grass, or in the turf areas ascend to the tips of the grass. In 
a moment they are captured by a male, and copulation takes place 
directly. The males clasp the females along the edge of the elytra 
l)ehind the legs with their tarsal claws. The females often move 
about, carrying the males. If disturbed, when single or paired, the 
adults invariably immediately seek shelter in the grass or loose soil. 

In the rearing experiments, adults were removed directly from the 
soil in their pupal cases, they mated the next day, and eggs were ob- 
tained the third day. When individuals were placed together upon 
collection from their pupal cases in the field, mating immediately 
took place, and the following day eggs were obtained. 
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In 1938 the first adults were captured around the lights and windows 
of a private garage on tlie evening of June 24. Tlie largest number 
were captured about July 5, and the last on July 25. 

The life cycle requires 1 year; and the stages, briefly summarized, 
are as follows: Kgg, 20 to 22 days in June and July; larva, 10 to 11 
months from July to June; prepupa, 4 to 5 days in June; pupa, 11 to 
1 6 days; and adult, 5 to 25 days in June and July. As the transforma- 
tions do not all occur at the same time, there is overlapping of the 
stages. 

CONTROL 

The larvae are to some extent parasitized by a species of Tiphia 
as yet undetermined. Of 1,000 larvae examined, 25 were found to 
be so parasitized. 

Applications of lead arsenate, made in 1938 under the author’s 
direction in Westport and Greenwich at the rate of 20 and 30 pounds, 
respectively, to 1,000 square feet of lawn, gave excellent control. 
Neiswander (S) reports that he obtained approximately 70 percent 
control in 1 month, using lead arsenate at the rate of 10 pounds to 
1,000 square feet. He also reported good control by applications of 
cai bon bisulfide emulsion diluted with water. 

Light traps were used by the author in Westport to capture adult 
lieetles. At first the traps were suspended on standards 3 to 4 feet 
above the ground, but after the flight habits of the beetles were 
observed, the traps were set directly on the ground and an increased 
number were captured. Homemade traps, consisting of an ice-box 
drip pan containing water with a layer of kerosene oil one-fourth of 
an inch in depth, four pieces of window glass 9 by 12 inches placed 
vertically to serve as baflles, and a 100- or 150-watt frosted bulb 
suspended directly above the baflles, were very successful. A 300- 
watt daylight bulb was tried in the area of immediate infestation but 
was not so successful as the lower-powered bulbs. 

Three such traps were used in one area of about 3 acres and a total of 
18,967 beetles were captured. Of 9,029 adults captured in two of the 
traps and determined for sex, 8,996, or 99.63 percent, were males and 
33, or 0.37 percent, were females. The traps were in operation from 
June 25 to July 29. Thirteen of the females were captured on the 
night of July 5 when the maximum catch was made, and the remaining 
20 were taken on 6 other nights. This result was similar to that 
obtained by Neiswander (8). Light traps are not recommended for 
control. However, if the beetles should be attracted by lights to 
rtssidences or recreation centers and become a nuisance, light traps 
might be useful. 

SUMMARY 

Cyclocephala borealis Arrow was first found in Connecticut in 1931, 
in the town of Westport, where larvae were destroying lawn turf. 
It has since been found in several other towns in the southwestern 
part of the State, and during the past 9 years has injured or destroyed 
many acres of fine turf on lawns and golf courses. 

The adults are chestnut brown in color and are present for about 1 
month, beginning about June 25. They are nocturnal in habit, 
emerging from the soil about dusk, and are active during the early 
hours of the evening. The males are the more active. 
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Oviposition begins the first or second day after the adults first 
emerge, and the eggs hatch in about 3 weeks. The larvae pass 
through three instars, usually entering the tliird instar in early Sep- 
tember. A field population of 64 larvae per square foot was recorded 
in one lawn. The larvae feed upon the roots of grass, and turf 
injury may first appear in Septemlx^r. The larvae asc.end and 
descend in the soil with the rise and fall of the soil temperatures in 
the spring and fall. Hibernation occurs in the larval stage during 
the winter at depths varying from 2 to 18 inches, with the majority 
of the larvae at depths betwecui 3 and 9 inches. The larvae complete 
their growth by late May or early June. The insect spends from 4 
to 5 days as a prepupa in early June. It remains in the pupal stage 
some 2 weeks, emerging as an adult about the third week in June. 
The adults have not been obs(U‘ved to feed, and their mouth parts 
are unsuited for feeding. 

Both male and female l)eetles are attracted to lights. However, 
light traps capture a great predominance of males and are not recom- 
mended for control. The larvae may be controlled by treating tho 
turf with lead arsenate or carbon bisulfide emulsion diluted with 
water. 
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INTRODUCTION 

Increased attention has recently been directcul to the frequent 
recurrence of failures of emergence in coniferous nurstvry Ixuls. vSome- 
tim(‘s the failure's have been severe, completely covering large blocks 
of beds; at other times they have beeti spotty ovc'r several beds. It 
has long l)een known from obsc'rvation { 2 , 3 , 4 )'^ that decreases in 
('inergence of pine se'edlings may be indicative', of damping-off epi- 
elemics, and it has been shown by inoculations with elamf)ing-ofl‘ 
organisms that emerge'iice failure's can be proeluce'd in steamed soil 
anel that failures due to theses organisms can be e*A)ntrolleel in the* 
nurse'-ries by the same se)il-elisinfectant treatmeaits that control 
elamping-off. 

There is reason to suspe^ct, howevea*, that seeds arc elecaye>d by 
e)rganisms othe'r than those kne)wn to eaiuse'. damping-off. Some rather 
se'.rious failures luive occurre'd in beds sown with seed from lots that 
had germinated well in other trials. Nume>rous failures have been 
observed where soil coveT anel moisture' we'xe' apj)arcntly correct anel 
elamping-off fungi we're not appreM*iably active. Failure's have beaMi 
most fre'que'iit in colei, wet soil whe're' such e'mergemce as did oe'cur was 
slow, anel nonsproute'.el seeds re'move'el fre)m such be'ds have often 
bciem found to be re)tted. 

In routine see*d investigatie)ns a cutting test is rnaele on each lot 
of see'd colle>cteHl. One hundred seeds are crackeel open and classified, 
according to the a|)pearance^ of the embryo, into good seed, ranciel 
see'el, anel ^‘blind’^ seed, that is, seeds that have not been pro[)erly 
filled. The cutting test is indicative of the germination potential of 
the lot. Frequently, howeve'r, the percentages of germination in the 
field is lower than thes percentage of se'ed classified as good. Some 
of the seeds, therefore, that appear viable may be immature or in a 
weakened condition and thus may be more susceptible to attack by 
organisms that may or may not usually be parasitic. It is known that 
the micropyle of the bean is occasionally glutted with bacteria. While 
coniferous seeds have hard coats and no similar open chamber for the 
carrying of organisms, there is some op|)ortunity for organisms to (vnter 
the seeds before they fully mature in tlu' com^, as a result of injury in 
the extraction process or f)ecause of improper storage. If decay occurs 
in a treated soil, therefore, it is conceivable that the pathogen was 
carried into the soil in or on the seed itself. 

' Jlm'ivwl for publication October 1, 11)40. 'Phe work roportcti hcn‘in was siip|>ort«‘(l chiefly by funds of 
the (dvilian Const^rvation Corps. 

^ Italic numbers in parent hcs(‘s refer to Literatun* Cited, p. 94. 
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PREVIOUS INVESTIGATIONS 

Many investigations have been reported on the causes and control 
of damping-off in both deciduous and coniferous seedbeds. Active 
work on the control of damping-off of conifers is still in progress. 
The term germination loss” has been used for reduced emergence 
resulting from seed decay or preemergence damping-off, or both, 
since in ordinary seedbed practice the seed is covered and the two 
types of loss cannot be distinguished. Hartley {2^ 3, 4) attributed 
tnis loss in coniferous seedbeds to species of Pythiuniy RhizoctoniUj and 
Fusarium, on the basis of successful inoculations on steamed soil with 
representatives of all three genera, including P. aphanidermatum, under 
the name of Rheosporangium, Fusarium spp. on the whole indicated 
less ability to cause preemergence than postemergence losses. For 
Botrytis cinerea in a preliminary test the reverse appeared true. 

Rathbun-Gravatt (5), by inoculations under direct observation, 
demonstrated the ability of a number of strains of Pythiunij Rhizoc- 
tonia, and Fusarium to reduce sprouting of coniferous seed. She 
found that, in general, the fungi that decreased sprouting were the 
ones that were able to decay radicles. 

Fourteen species of fungi ^^arising from the seed of Pinus sylvestris^^ 
were determined by Garbowski (/). His methods of sterilization and 
isolation are not known, however. The germination of Pinus sylvestris 
was greatly reduced by contaminations of Pyronema ornphalodes and 
one species of Botrytis. 

Vanin {8) and Vanin and Kotclikin {9) studied the fungi associated 
with the seeds and seedlings of tree species. They reported inhibited 
germination from widespread contaminations of Penicillium, AspergiF 
lus, Mucor^ and Rhizopus, They grouped seed fungi into three classes: 
(1) Those that damage seeds; (2) those present in or on seeds but not 
causing diseases until after germination (damping-off) ; (3) those not 
harmful to either seed or seedling. 

Ten Houten (7) isolated many fungi from conifer seeds or seedlings; 
part of the isolations from seed (wliich ones are not indicated) had 
been preceded by surface sterilization. Inoculations with more than 
50 of these and some others were made on 24 surface-sterilized seeds 
each of Scotch and Austrian pine in tube cultures, half of which were 
on filter paper and half on sterilized soil. In his filter-paper cultures 
(and in the soil tubes also) he had the seed under direct observation, 
and germination reduction is to be taken more as an indication of 
seed decay than of preemergence damping-off. So far as inferences 
can be drawn from so few seeds, there was fairly definite reduction of 
sprouting by one of the two Rhizoctonia lines, by Botrytis cinerea and 
an unidentified Botrytis^ and very likely some reduction by Pythium 
debaryanum (which the author is understood to regard as including 
P. ultimuw), Phytophthora fagi, and Goniothyrium pityophilum. For 
the remaining fungi, apparent increases in germination associated with 
the inoculation were as frequent and as large as the decreases except 
for the presumably accidental case of Pyronema confluens on Scotch 
pine. Except for the Pyronema, all of these fungi that appeared to 
reduce germination also attacked seedlings, though the Phytophthora 
was relatively weak. There thus appeared, as in Rathbun-Gravatt^s 
work, to be considerable correlation between ability to attack seed and 
to attack seedlings. However, a number of Fusarium species and 
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related fungi iiicluded in tlie test, and also other species of Pythium 
and another line of Rhiajctoniaj attacked seedlings without any 
material reduction in germination. 

Pinus pinea cones were found by Sibilia (6‘) to contain discolored, 
powdery seeds in some of wliich the kernel was still sound but in 
others it was blackened or completely destroyed, its place being taken 
by a grayish mycelial mat. The fungus was tentatively identified 
as Alternaria tenuis. If this fungus had not penetrated the seed 
Ijcforc planting, germination was normal. 

Busteed ^ reported the decay of Pinus nigra seed by Physalospora. 
obtusa in nursery beds. The fungus was found fruiting on the (;ones 
and in cone inoculation expc^riments; ovules were destroyed, and the 
number of seeds produced was markedly dcjcreascd. 

Since the exp(u*iments of Kathbun-Gravatt had been conducted at 
room temperatures, the purpose of the present investigation was to 
study the relation of a somewhat different array of organisms and 
lower temperature to germination reduction and seed decay. Many 
of t h(' organisms used were isolated from fresh and old seeds. 

ORGANISMS ISOLATED FROM SEEDS 

MATERIAL AND METHODS 

Organisms wer*e isolated from fresh coniferous seeds, from seeds 
from nursery beds where germination was a failure aiid from sti’ati- 
fied seeds. These last were stratified in flats in a nursery soil; a 
greenhouse irotting soil, and a pure quartz sand*, all maintained, from 
sowing to completion of germination, alternatingly at 40° and 50° F. 
during each successive 3-(lay period. Neither seeds nor substrata 
w(‘re sterilized. Isolations were made at weekly intervals until the 
stratified secnls started to germinate. The seeds were surface-steri- 
lized with a 1 -percent solution of chloramine for 20 minutes, or with 
hooo, Jsoo, and Kso solutions of bichloride of mercury alone or mixed 
with 95-percent alcohol, the treatment ranging from 8 to 20 minutes. 
A saturated solution of bromine water diluted to jio was also tested, 
but it proved less satisfactory than the bichloride of mercury and 
alcohol solution. After sterilization each lot of seed was washed three 
times with sterile distilled water. The seed was cut open with a 
flamed instrument. Portions from the inside of the coat, the surface 
of the endosperm, inside the endosperm, and the embryo were trans- 
ferred to corn meal, malt, or potato-dextrose agar. Surface-sterilized 
whole seeds were placed on agar slants as a check on the effectiveness 
of the sterilization. 

RESUI.TS 
Fresh Seeds 

Organisms were found in only about 10 percent of the cultures 
made from fresh seeds of Pinus banksiuna Lamb., P. ponderosa Dough, 
and P. resinosa Ait., but enough fungi were present to explain spotty 
decay in nursery beds and the complete loss of whole beds planted 
with some lots of seed that were examined. Aspergillus ^ bacteria, 
Cladosporiuniy Fusariurn spp., Mucor, Penicilliunij Rhizopus, Tricho- 
dermay and several unidentified fungi were isolated. Bacteria and 
Fusariurn spp. were isolated most frequently. 

3 Busteed, 11o«krt C. the pATHoaENiciTY of physalospora ortusa on pini'.s niora. [Uniniblished 
doctor’s thesis. Copy on file Ind. Univ. Lib., Bloomington, Ind.l 

307732--41 —4 
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Seeds Fkom Nuiisery Beds in Which Germination Had Failed 

A majority of the soods taken from bods in which there was little 
or no germination woi-e blind or in various stages of decay. As the 
seeds had Ixhui in the soil for some time, a number of organisms were 
repeatedly isolated from them. It was not possible to state, how- 
ever, whether these organisms were primary or secondary. A few 
seeds still appeared sound and of normal color when dissected, but 
they weie usually sterile. Isolations were made from Picea glaum 
(Moench) Voss and from Pinus caribaea Morelet, P. contorta Dough, 
P. palustris Mill., P. ponderosa, Dough, and P. taeda L. The follow- 
ing organisms were isolated from one or more of these species: Alfer- 
'naria, Aspergillus, bacteria, Botrytis^ Cephalosporium (?), Cladmju)- 
rium, Fusarium, Helniinihospormm (?), Mueor, nematodes, PenieiF 
llunij Pestalozzia, plastiu* mold, Rhizocionia, Rhizopus, Trichoderma, 
Vertieillium, and sev(M‘al unidentified fungi. Fusarium, Penic/dlium, 
RhizopuSj and Trichoderma witc isolated from Robin ia pseudoacaeia 
L. ; Penicillium and Trichoderma, were found in Casta, nea moUissma, 
Bh and C. saliva Mill. 

Stratified Seeds 

Th(' results of the isolations from the stratified seeds are presented 
in table 1 . The character of the isolates did not (‘hanger appreciably 
from week to week, nor was there a greater number of organisms iso- 
lated in any one week. Organisms were isolatcHl from the seeds 
stratifi(‘d in th(‘. quartz sand fewer timt?s than from thosi^ in soil. 
Thcrc^ was no correlation between the seed (|uality and the numb(*r 
of isolate‘s. 

Table 1. Number of times the indicated organisms were isolated from stratified 

coniferous seeds 
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INOCULATION EXPERIMENTS 

MATERIAL AND METHODS 

Tli(^ cultures of Altermina brassicae var. micros pot a P. Brim., 
Pythiuni spp., Rhizoctonia sp., «nd Sphaeropsis ellisii Sacc. that were 
used in the inoeulation exp(?riments were obtained from the stock 
cultures of the Division of Forest Pathology. Tlu* Botrytis culture 
was obtain(‘d from Dr. Charles Brooks, of the Bureau of Plant In- 
dustry, and had boon isolattnl fiom blackberry fruit . The rest of th(^ 
fungi used (set* tabh' 2) wert^ isolated from pine schhIs. 

For th(‘S(‘ experiments, 30 cc. of Difeo coiTi-meal agar, one-half 
concentration of the formula stated on the bottle, plus 15 gm. of agar 
was poured into Pidri dishes. The platc's were then inoculated 
with the fungi to Ixr ti'sted. The growth of the fungi was inhibited 
to such a degree by the low temperatures us('d that it was necc^ssary 
to keirp the plates at room temperature for a few days to obtain a 
good coverage of the agar surface. The plates were then seceded 
with various pine species and stored at low^ temperatures as shown 
in the footnotes of table 2. Experiment 1 was conducted at the lowest 
temperatures and experiments 4 and 5 at the highest temperatures. 
When testing organisms producing heavy mycelial mats, two or three 
small rectangles, approximating 2 inches long and 0.5 inch wide, were 
cut from the agar of the fungus culture in each plate and the seed 
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was placed on thci glaSwS along the edges of and in contact with the 
agar, since otherwise the mat would have kept the seed from taking 
up moisture. 

The fungi were reisolated from radicles showing decay, 

RESULTS 

The averages radicle decay in the different types of experiments 
with each species is given in table 2. 


Ta ble 2. — Gv.nninaiion reduction and radicle decay of pines in agar plates inoculated, 
with various fungi at different temperatures 


Experiment, ieinptirature, and 
Inoculating fungus 

termination in uninoculatcd units 
and reduction (— ) or increase 
(-f) in inoculated units (per- 
centage of total .seeds) 

Kadiclo decay (percentage of 
total radiele.s) 

Pinna 
reain- 
oaa ' 

Pinna 
ponder- 
can 2 

Pinna 
hanhai- 
ana ^ 

Woighteii 

average 

Pin ii.a 
rram- 

oaa 

Pinva 
pm del - 
osa 

J*hiua 

banhai- 

ann 

Weighte<l 

average 

Experiment 1 (32® and 50® F.): < 

Bvirytn (civereaf) 

Bphaernpsis ellmi Sacc....- 
Uninoculated 

0 

-10 

87 


— 



9 

29 

0 



...... . 

Experiments 2 and 3 (4(5®, 50°, 
and 60® F.): * 

Unidentified (No. 114) 

Fuftarium sp. (No. 132a) 

Hotrytis {cinereaf) 

Plaster mold... 

Fumrivm conglutinana Wr. . 

Penicillium sp 

Phycomycete (unidentific(i) 

Cylmdrocladium sp 

Aapergillua nujer Tiegh 

Pestalozzia sp..__ 

Sphneropaiif tHisH 

Unidentified (No. 19) 

-33 
-33 
-27 
— )7 
-15 
-20 
-15 
—9 
-9 
—7 
-11 
-3 

1 i M 1 1 , 1 i t M 

- 

-31 

-29 

-27 

-22 

-17 

-16 

-14 

-11 

-11 

-11 

—9 

8 

1 

8 

2 

31 

0 

6 

5 

16 

4 

11 

2 

26 

»J 

0 

17 

13 

13 

0 

10 

0 

27 

0 


12 

3 
H 
2 

28 

4 
s 
4 

16 

.3 

1.5 

] 

Rhizopus oryzae Went (No. 

104) fl 

Rhizoctonia sp 

A Uernaria brassicae vnr. 

microspora P. Brim 

Vertkillium 

-3 

' -3 

-18 

-27 

-18 


-9 

-8 

—6 

0 

4 

0 

1 

0 

0 


0 

4 

0 

1 

' -3 

-11 


-4 

3 


Average of inoculated 

-13 

-21 


-16 

6 

9 


7 

ITninocnlated. 

90 

87 


09 

0 

0 


0 

Experiments 4 and 5 (00® and 
77® F.): r 









Aapergillus niger^ 

-42 

-40 

-.57 

-49 

0 

0 

0 

0 

J*ythium uUtmum Trow' . . 

-27 

-13 

-48 

-33 

82 

95 

101' 

1 93 

Chaetomium globosum Kzc. 

-25 

-29 

-20 

-24 

0 

0 

0 

0 

Pythimn ddiaryanum Hes.se. 

- JH 

C 

-30 

-■21 

78 

67 

95 

82 

Unidentified (No. 178) 

—7 

-2 

i -33 

-14 

62 

77 

100 

82 

Hhizopua sp.8 8 

-22 

—2 

—7 

-10 

0 

C 

0 

0 

Rhizopua oryzae (No. 199) « 

-IS 

+2 

-11 

-9 

0 

0 

0 

0 

Rhizopua circinana Tiegh.'*. . 

-18 


-7 

-8 

0 

0 

0 

0 

Mucor sp.« 

-13 

—9 


-8 

0 

0 

0 

0 

ThieJavia sp 

-16 

+4 

-9 

-7 

0 

0 

0 

0 

Fuaarium sp. (No. 38) 

— 5 

-4 

-8 

-6 

18 

32 

J9 

22 

Penicillium sp 

-IS 


-4 

-6 

0 

0 

0 

0 

Unidentified (No. 64) 

-9 

- 2 

-8 

-7 

3 

0 

3 

2 

Fuaarium sp. (No. 132a) 

-7 

-11 

+3 


19 

18 

36 

28 

Unidentified (No. 145) 

-13 

-l-fl 

-5 

-4 

27 

19 

58 

40 

Unidentified (No. 179) 

-9 

+13 

— 

— 1 

0 

12 

13 

0 

Unidentified (No. 180) 

-9 

+18 

^ 

+ 1 

0 

0 

0 

0 

Average of inoculated 

-16 

-4 

-16 

-12 

18 

19" 

25 

22 

Uninoculatcd - 

89 

60 

91 

82 

0 

0 

0 

0 


‘ 50 soods per plate in experiments 1 to 3, and X5 seeds per plate in experiments 4 and 5. Plates In triplicate 
in each experiment, 

* 16 seeds per plate. Plates in triplicate in each experiment. 

* 25 seeds per plate. Plates in triplicate in each experiment. 

< Seeds sterilized for 20 minntes in 1-percent chloramine solution. Prom sowing to completion of germina- 
tion plates stored altematingly at 32® and 50® F. during each successive 3-day period. 

* Seeds not sterilized. For 4 weeks after sowing plates stored alternatincly for 1 day at 40® F. and 2 days 
at 50® and for tlie next 8 weeks altematingly for 1 day at 50® and 2 days at 60®. 

« Tips soft but not discolored . 

7 Seeds sterilized for 12 minutes in l/2f)0 HgCIa and washed in 3 changes of sterile water. From sowing to 
completion of germination plates stored altematingly for 2 daj^s at 60® F. and l day at 77®. 

Apparently s different si?ecies fri>m i?. oryzae and R. circinans. 
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Since AspergilhiSj Penicillium, and Fusariurn No. 132a were the only 
three species used in all experiments 2 to 5, no detailed comparisons 
as to the eilects of temperature can he made. However, Anperi/dbiH, 
(Jhcietomiurn^ Mucor^ Penicillium^ IVdelavia, and threci species of 
Rh/hopus did not cause radicle decay of any of the species t('.sted at 
()0° and 77® F.; Alieiriaria and Rhizopus oryzae did not cause radicle 
decay at the lower temperatures of experinKuits 2 and 3. 

Afiperyillus dcKtayed radich^s of both pines tcisted, and I^enicM^^ 
decayed radicles of Pimis ponderosa but not of /^. resinosa in experi- 
ments 2 and 3. 

In experiments 4 and 5 Pythium debaryanum, and P. ultirnum caused 
mucli radicle decay in all three pines, the only instance known to the 
writer in which tht»se two species have been directly compared on 
conifers. P. deharyariurn was very destructive, but always less so 
than P, ultimurn in respcK'-t l)oth to radicle decay and germination 
reduction. In the same experiments the two strains of Fumriuni 
ijs(h] wer(^ consistently pathogenic on all species. 

In experiments 2 and 3 Fumrinm No. 132a only slightly affected 
tlu'- radicles of Pinus resinosa and causerd less radicle de(‘ay of I\ 
ponderosa than at tlu^ higher temperatures, while Fnsarium conylu- 
tinans caused much decay in both s|)ecies. Sphaerop^w caused a 
moderate amount of loss. 

Botryfm, an unidentified phycomycete R/nzoefonia, and VerticillM^^^^ 
caused a small amount of radicle decay in ('.xpcainients 2 and 3. Oy- 
lindrocladiurn, an unidentified species (No. 19, tentatively identified as 
j\facrosporivm)j Pestalozzia, and plaster mold caused a slight decay of 
Pinus resinosa radicles but did not affect P. ponderosa sc'edlings in 
t l 1 es(^ exper i m en t s . 

Five of the six unideaitified fungi testenl caused some radicle decay. 
No. 64 has been teMitativcly identified as Fusariurn tricliMkecio^^^^^^ 
Wr. and No. 114 as a mixture of Fusariurn oxysporum Schlecht. and 
Pe nicilim^ frequentens West ling. 

As shown in table 2, there was a general decrease in the perctintag(‘ 
of germination in practically all inoculated units, even when there 
was no visibhr radicle or seed decay. This result was unexjjected 
and requires some further consideration. In experiments 4 and 5, 
although Aspergillus niger did not cause radicle decay, it did cause a 
marked reduction in germination. So also did Chaetomium globosum . 
Except in one instance in experiments 4 and o, the fusaria reduced 
germination, although none of the strains were consistent in respect 
to the severity of the reduction. The three species of Rhizopus ajid 
Thielavia caused a. greater reduction in germination with Pinus resinom 
than with tlie other two piiu^s. Sphaeropsis did not. cause a great re- 
duction with cither of the pines on which it was tested. 

Temperature exerted a marked influence on the rate of gei-mination 
in these experiments. In the cultures alternating at 32® and 50® F., 
initiation of germination was delayed for 10 weeks and ihe plates 
finally had to be removed to the laboratory before some of the last 
seeds would germinate. In experiments 2 and 3 germination was slow 
and spread over a 3-month period. At the highest, temperatures it 
was completed in approximately 30 days. In general, there was a 
greater germination reduction in the writer^s tests than in the tests 
by Rathbun-Gravatt (5), and the correlation between germination 
reduction and radicle decay was not so apparent as in her work. The 
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heavy mycelial mats of some cultures may possibly have reduced 
germination by reducing the supply of oxygen, and soiik^ of the 
germination reduction may have been caused by a supply of moisture 
inadequate for both fungus and seed. However, there was evidence 
in many cases that sufficient moisture persisted throughout tlie test 
or that seeds were definitely decayed, indicating that germination 
reduction was caiiscul by the direct action of the fungus. 

There was no significant difference in the susceptibility of the hosts 
under the conditions of these experiments. 

SUMMARY 

Tlie frequent recurrence of germination failures in conif('rous nursery 
beds suggests the need for extensive studies to determine the propiM* 
means of handling seeds and to learn more of their possible pathogc^ns. 

A series of organisms was cultured from the interior of fresh and 
stratified seeds and from seeds taken from nursery IxhIs in which germi- 
nation had failed. The seeds were surface-sterilized with a 1 -percent 
chloramine solution and with various concentrations of bichloride of 
mercury alone and mixed with 95-percent alcohol. Some of these 
organisms were used in the inoculation experiments reported. Bacteria, 
and fusaria were isolated most frequently. The tcunperatures employed 
in the experiments were rather low. 

In all species tested the following organisms caused decay of 
j-adichis just emerged from the seed coats: Botrytis {cinerea?)^ Fusarium 
spp., an unidentified phycomycete, Pythium deharyanurn Hesse, /^ 
ultimum Trow, Rhizoctonia, Sphaeropsis ellisH Sacc.., Veriicillium,, anti 
four unidentified fungi. 

The following organisms did not cause a consistent* loss of radiclt's 
in the various experiments: Aspergillus niger Tiegh., Cylindrocladnim, 
Penicillium^ plaster mold, Pestalozzm^ and two unidentified fungi. 

The following fungi failed to attack radicles: Alterriaria hrassieae 
var. m/icrospora P. Brun., Chaetomiurn globosurn Kzc., Mucor, Rhizopus 
sp., R. circinans Tit'gh., R, oryzae Went, Thielavia, and one unidenti- 
fied fungus. 

There was a general decrease in the percentage of germination in 
practically all inoculated units, even when th(‘re was no visible radich' 
or seed decay. This reduction in germination was greater than in 
earlier published tests conducted at room temperatures. 
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THE PERSONAL ELEMENT AND LIGHT AS FACTORS 
IN THE STUDY OF THE GENUS FUSARIUM* 

By L. L. Harter 

Senior pathologidj Division of Fruit and Vegetable Crops and Diseases, Bureau of 
Plant Industrn, Untied Stales Depart inent oj Agriculture 

INTRODUCTION 

Results previously i)ublishe(l ^ suggested that some of the difli- 
(•ulty experienced by different investigators iii identifying sp(‘ei(‘s of 
Fumrivm was due, in part at least, to a lack of uniformly controlled 
(‘nvironinental conditions. Among other things it was shown (1) 
tluit cultures grown in daylight or in artificial light produced sig- 
nilicantly longer conidia than those grown in the dark; (2) that tln^ 
ratio of macTOConidia to microconidia was greatest in the light and 
h^ast in tlic^ dark; (3) that sporodocliia and pionnotes were more 
(‘ 0 ])ious ill tlie light than in the dark; (4) that vegetative growth was 
most abundant in the dark; (5) that exposure of cultures to light for 
the first few days after inoculation was more influential in producing 
macroconidia and conidia of greatest length than similar exposure 
during the later period of growth; and (6) that statistically significant 
differences in distribution of conidia of various lengths were recorded 
when different investigators imuisured conidia from the same micrOT 
scopic preparation. 

The. results referred to above suggested the desirability of further 
investigations of the iru^onsistencies and variations that may be 
(‘xpected from the use of the present cultural methods. In addition 
to those conditions already men tioned that influence the behavior of 
different species of Fusarium in culture, it is important to acejuire 
some knowledge of (1) the homogeneity among difl’erent tubes of 
cultures of the same organisms grown under supposedly identical 
conditions on the same medium, and the variation among different 
microscopic mounts from the same spore susptmsion; (2) the variation 
in distribution of different lengths of three-, four-, and five-septate 
conidia of different species growu) in light and in darkness on different 
culture media; (3) the influence of light and darkness on the septations 
of the conidia; (4) the influence of the substrata on septation of the 
conidia; (5) the number of spores that should be measured in order 
to obtain a dependable value of mean length; and (6) the personal 
element of error due to different investigators. 

MATERIAL AND METHODS 

SPECIES OF FUSARIUM 

Two species of Fusariurn (F, martii var. pisi F. R. Jones and 
F, hulbigenum var. batatas Wr.) have been employed in this study. 
Inasmuch as these investigations were practically an extension of 

1 Received for publication November 4, 1940, 

charter, L. L. influence of light on the length of the conidia in certain species of FU8A- 
niUM. Ainer. Jour. Bot. 26 : 234-243. 1939. 
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previous work, use of the same species was believed to be desirable. 
Both were known to produce pionnotes and sporodochia freely in 
certain media and to respond readily to diflferent degrees of illumination. 

Fusarium inartii var. pisi, a representative of the section Martiella, 
is the cause of root rot of pea (Pisum sativum L.) and produces gretm 
pionnotes or sporodochia on cooked potatoes, 2-percent potato- 
dextrose ag:ar, cooked green bean pods, corn-meal agar, and certain 
otln^r media. By frequent transfers to suitable media, it has be(>n 
maintained in “high culture’^ for several years — a condition highly 
(\ssential for investigations of this type. 

Fusarium bulhigenum var. batatas, a representative of the section 
Elegans, is a vascular parasite and the cause of the wilt or stem rot 
of sweetpotatoes {Ipomoea batatas (L.) Lam.). It produces copious 
pionnotes and sporodocliia on corn-meal agar, 2-percent potato- 
dextrose agar, and other substrata when first isolated. This species 
was more difficult to maintain in high culture than Fusarium 
martii var. pisi. 

EXPERIMENTAL PROCEDURE 

The lUfithods of experimentation w’^ere substantially the same as 
those published in a previous article.^ Only the methods that differed 
from those previously described and that were introduced to meet 
the requirements of specific experiments will be discussed. Solar 
irradiation was generally employed, although artificial light w^as used 
in a few cases. 

Cultur(^s grown in the light and in the dark were identical in (‘,very 
respect, except that those culture tubes from which the light was ex- 
cluded were wrappc^l in several thicknesses of black paper; the cotton 
plug was not wrapped. Following inoculation of the media, the tub(‘s 
were placed on the ledge of a north window, where the temperature 
varied from 15° to 24° C., or in an artificially lighted incubator. 
Under the conditions of the experiments, sporodochia b(‘gan to develop 
in about 5 to 8 days, and in 10 days pionnotes were frequently present. 
The cultures app('ared to be mature in about 14 days, but the spore 
counts or measurements were not made until the cultures we!‘(', 
18 days old. 

RESULTS 

DIFFERENCES IN RESULTS DUB TO INDIVIDUAL WORKERS 

Two investigators familiar with pathological technique and the 
technique of measuring conidia participated in this experiment. Cul- 
tures of Fusarium martii var. pisi on 2-percent potato-dextrose agar 
and F. bulhigenum var. batatas on corn-meal agar were grown in the 
light for 18 days on the ledge of a north window. At the end of that 
time, a thin sowing of conidia was made on a microscopic slide and the 
edges of the cover glass were sealed with paraffin to prevent evapora- 
tion of the mounting fluid and movement of the spores. Each partici- 
pant measured 500 three-septate conidia to the nearest line on the 
eyepiece micrometer. The participants were instructed to begin at 
one side of the microscopic preparation and to move the slide in one 
direction in ordcT not to cover the same field more than once. Each 


»8ee footnote 2. 
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spore measurement was later converted into microns. The spaces on 
\ho eyepiece micrometer are equivalent to 2.r)/x. In the tables, there 
is a.n interval of 2.5/Lt between classes and the number of conidia in 
eacli class is record(ul. 

The 500 measurements of each participant w(‘re divided into 10 
groups, the first 50 nuiasurements consfltutiiif? the first ^roup, the 
second 50 the second group, the', third 50 the third group, and so on, 
which made it possible to calculate statistically the number, in multi- 
ples of 50 conidia, that shoidd be measured to obtain mean valiums 
that would show no significant difTerence from means based on 
somewhat larg(»r numliers. 

The frequency distribution of the 10 groups, based on spore length 
in microns, is shown in tables 1 and 2. The mean length, standard 
(UT’or of the mean, and tlu^ coefficient of variation have been calculated 
from these mc^asurements. Table 1 shows that B recorded more* 
(*()nidia in the 27.5/x class than A (11:3). On the other hand, A re- 
corded more conidia in the 50.0/Lt class than B (12:5). In the case of 
both A and B, a large percentage of the conidia fell into classes 37. 5 m 
to 45.0m. If th(i mean of the total number of spore ineasurenKrits of 
each participant is compared, a small but inconsequential significant 
difference is found. 

The following conclusions may be drawn from A^s data: (1) A 
(‘ornparison with the mean of the 500 spore measurements of the mean 
of each of Uk' 10 groups of 50 spon' measurenumts shows that none are 
significantly different ; (2) when the mean of the first group of 50 meas- 
urements is compared with the mean of each of the other 50-spore 
populations, it is found that it is not significantly different; (3) if the 
means of 50, 100, 150, 200, (4c., spores measurements are compared 
with the mean of 500, no significant difference is found. 

The following conclusions may be drawn from B^s data: (1) A 
comparison of the mean of 500 spor(» measurements with the mean of 
(*a(di of the component groups of 50 spore measurements shows that 1 is 
significantly dilferent; (2) when the means of the other 50-spor(‘- 
[)opulations are compared with the nu'an of the first 50 spore measure- 
ments, 2 are found significantly different; (3) if the means of 50, 100, 
150, 200, etc., spore measurements are comparcHl with the mean of 
500, 1 (100) is found significantly different. The 100 population was 
obtaincal by adding the first aiul second columns, the 150 by adding 
the first 3 columns, and the*, 200 by adding the first 4, (‘tc. It should 
not be presuppos(*d, how(’V(»r, that the n^sults from a single^ tube would 
necessarily be identical with, or even nqin'sentative of, otlnu* cultures 
of the sani(‘ organism. 

Table 2 reveals aliout tlu* same facts as table 1. Th(‘r(‘ are soim^ 

minor significant diffc'n'nccvs in most cas(‘s betwe(*n the data obtairnal 
by A and B. There is a significant difference between tlu^ two 
obs(u-vers from tlie first 50 spore measurements. The rc'sults of A 
and B taken separately show a high degree of consistency. No signif- 
icant diff(?rencc was found between 50, 100, 150, and 200 spoi-e 
measurements of either A or B, wffiich indicates that under the condi- 
tions of these experiments 50 spore measurements would be about as 
g()od as 100, 150, or 200, although the standard error naturally becomes 
slightly less with the higher number of conidia measured. 
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The mean of 500 conidia measured by B (table 2) and the mean 
of the Same number measured by A differ by an amount that is 
significant but not important. An examination of the 10 paired 
means of A and B (table 2) shows that the means of B are higher 
than those of A, but in table 1 this diflerence is reversed. One possibh* 
(explanation for this differ(ence might be sugg(>sted. Both observers 
w(ere instr\iet(ul to introduce no fractional r(‘adings on the eyepi(ec(‘ 
micrometer. If the length of the conidium extended beyond the mid- 
way point of the scale, it was to be recorded as extending to the number 
above; if it was less than a half, it was to be dropped. When the 
end of the conidium rested on the halfway point the observer- was 
obliged to use his own judgment, and it is not unlikely that one 
observer consistently dropped the half fractions and the other read 
to the n(‘xt number above. 

HOMOGENEITY OF CONIDIAL SEPTATION 

The ratio or p(UTcntage of the number of conidial septalions on 
different culture' media has been employed by some inv('stigators in 
llic d(^scri})tion of species of Fusariu^yi. Tlie value of such ratios as 
taxonomic characters would seem to depend largely on the constancy 
with which any given ratio of septations can be (>xpccted to occur in 
spores from cultures grown under the same environment and on the 
same medium. If a constant ratio could be expcn^tc'd in all (‘ultures 
thus grown on some standard medium, the variations obtained wh(*n 
the organism was grown on diffc'rent media would b(‘ less important-. 

To determine the homogiuieity of conidial s(‘ptation in samjih's 
taken from different culture tubes, all of the tubes were inoculated 
from the same spore suspension in wat(*r and exposc'd to the light of a 
north window. Great care was taken to eliminate as nearly as pos- 
sible those variations that might result from culturing and mechanical 
handling. At the end of 18 days of growth the spore masses (pion- 
notes) in each culture tube were thoroughly mixed. A portion of 
this mass was then transferred to a few cubic centimeters of wat(>r 
and stirred. From this suspension a thin sowing of conidia was mad(‘ 
on a microscopic slide, and the septation of all the spores in a singh' 
field of the microscope was counted ; the position of the slide was then 
changed to bring another sample population of conidia into vi('w. 
This was repeated as often as necessary to accumulate counts on as 
large a number of individuals as might be requircal. The number of 
conidia in a single field of the microscope was intentionally mach* 
small so that there would be no confusion in classifying each spor(^ 
according to the number of septations. Usually the counts w(U(* 
continuecl until 100 or 200 three-septate conidia wen^ found, the 
number of two-, four-, and five-septate spores being register(‘.d 
accordingly. 

HOMOGENEITY OP SEPTATION IN DIFFERENT MOUNTS FROM THE SAME CULTURE 

The ratio of three-, four-, and five-septate conidia in 100 spores taken 
at random was determined for different mounts from one culture tube 
of Fusarium martii var. fisi and F, bulbigenum var. batatas. The 
results arc shown in table 3. A similar method of procedure was 
employed when different tubes were compared. 

The values in table 8 indicate that there is no significant devia- 
tion from the mean for the 10 mounts in the ratio of three-, four-, and 
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five-septate eoiiidia for any oik*, of the 10 microscopic preparations 
of cultures of Fusarium martii vai*. pisi grown on either 2-percent 
potato-dextrose agar or cooked green bean pods. A similar conclu- 
sion can be drawn from the data of table 4, which were obtaintnl from 
the use of a different organism, F. hulhigenum vaj'. batatas. These 
data show that a satisfactory homogeneous preparation (^an be pr(*- 
pared by suspending the conidia in water after thoroughly mixing 
them in the culture tube. 


Table 3.-' Ratio of Z?-, 4-, and 5-septale conidia ^ in 10 microscopic mounts 
from a spore suspension, of a single culture of Fusarium martii car. pisi, grown 
on two different culture media 



'Fable 4. — Ratio of 3-, 4-, and 5~septate conidia ’ ht 10 microscopic mounts 
of a spore suspen,sion from each of 3 cidture tubes of Fusarium hulhigenum var. 
batatas grown on corn-meal agar 


I I 



Sop- 




Microscopic mount No. 





Tube No. 

ta- 

tioii 

1 

2 

3 

4 

5 

ft 

7 



10 

'Polal 


(:i 

2.'! 

24 

20 


20 

JO 

10 

20 

23 

21 

218 

1 . 

U .... 

20 

10 

22 

10 

10 

2,3 

24 

22 

21 

21 

207 


|5.. . 


7 

8 

8 

8 

8 

7 

8 

0 

8 

7*5 

x' 

— 

0.34 


0.20 

0.24 

1. 01 

0. 05 

0. 02 

1 0.20 

0.41 

0.30 

5. 88 


j.rl 

11 

"‘h ! 

12 

13 

7 

13 

i 13 

18 

r-"T4" 

1 S 

12.3 

2 ... 

4 . 

20 ; 

17 

22 

17 

18 

20 

20 

17 

17 ! 

1 17 

185 


|.V- 

10 i 

19 ! 

10 

20 

25 

17 

17 

15 

10 


102 

X®-- - 


0.28 

0.37 

1.20 

0.40 

1 

4.17 

0.41 

0.41 

3.08 

0.37 

3. 37 

14.81 


* 100 conidia observed in each mount. 


A study of the tables discloses several interesting facts. Table 3 
shows a remarkable uniformity in the ratio of the total three-, four-, 
and five-septate conidia grown on 2-percent potato-dextrose agar and on 
cooked green bean |)ods. On the other hand, table 4 shows a sornt*- 
what greater difference between tubes that wH*re handled by tlu' sanu^ 
method. Five hundred spores from each tube were classified accord- 
ing to septation, and it was found that the three-septate conidia pre- 
dominated in tube 1 and the five-septate in tube 2; likewise, the fiv(*- 
septate conidia were fewest in tube 1, the three- septate the fewest in 
tube 2. The results indicate that, although there seems to be no sig- 
nificant difference between preparations from the same culture, th(^ 



104 


Journal oj Agricultural Research 


Vol. 02, No. 2 


various culture tubes may differ very greatly. The differences or the 
similarities between tube cultures will be more clearly shown in some 
of the following tables. 

Table 5 shows a high degree of homogeneity in the ratio of three-, 
four-, and five-septate conidia in the two series of cultures. In no 
case is there any significant deviation from the mean. 


Table f ). — Ratio of 5-, 4r <^r,d S-septaie conidia in different culture tubes of Fusarium 
hulhigenum var. batatas grown on corn->rneal agar 







Tube No. 




Series No.' 

Septa- 




















1 

2 

i 3 

! 

4 

5 

1 ^ 

7 



|3 

hi 

52 

48 

72 

39 

01 


329 



71 

89 

100 

100 

98 

100 


558 


V) 

10(1 

100 

94 

99 

100 

81 


574 

"I’otul 


228 

241 

242 1 

271 

237 j 

242 


1,401 

X* 


4.80 

0.49 

1.41 

2. 02 

.^OI 

3, 48 


17.81 


13 ... 

39 

39 

34 

39 

32 

31 

30 ' 

250 


{4 

47 

37 

38 

41 

37 

45 

42 

287 


h 

14 

24 

28 j 

20 

31 

24 

22 

103 

Total 


100 

100 

100 

100 

1(K) 

100 

100 

7(K1 

X* 

— 

! 4.82 

! 0. 71 

1.26 ! 

1 

0. 60 

3. 33 

1 

1.03 

0. 32 

12. 07 


» Series 2 was conduoteU about H months later than series 1; otherwise they were alike. 


The ratio of septations of the conidia in some series was very horno- 
gtuieous; in others it deviated gi*eatly from the mean (tables 0 and 7). 
Three cultuix' tubes (table 6, series i) showed values of 12.46, 9.37, 
and 14.20, respectively, which, with 2 degrees of freedom, is much 
beyond the 5-percent point. The other 7 tubes in the series were not 
significantly different from the mean for the 10 tulx^s. In table 6, 
the value exceeds the 5-perccnt point in all cidtuies in series 2, 
and in one culture in series 3. Table 7 also shows a lack of homo- 
geneity in the ratio of conidial septation in both series 1 and 2. 


I^ABLE 0 . — Ratio of 3-, and 5-septale conidia in different culture tubes of Fusarium 
inartii var. pisi grown on 2-percent potato-dextrose agar 


Septation 




Tutw* No. (series 1) 




Total 

1 

2 

3 

4 

6 

0 

7 

8 

9 

10 

3 

88 

09 

87 

86 

78 

85 

91 

70 

94 

08 

821 

4. . 

12 

30 

13 

14 

22 

15 

9 

23 

6 

32 

170 

5 .. 

0 

1 

0 

1 

0 

0 

0 

1 

0 

0 

3 

Total - 

100 

100 

100 

100 

1(H) 

100 

100 

100 

100 

1(K) 

1,000 

x».- — 

2. 21 

12.40 

1.49 

0.98 

1.31 

0. 48 

4.90 

2.27 

9. 37 

14.20 

47. 60 


Septation 

Tube No. (series 2) ‘ — 

Total 

Tube No. (series 31 

Total 

1 

2 

3 

4 

5 

6 

1 

1 

1 

2 

3 

4 

5 

6 

3 

100 

100 

100 

100 

100 

100 

600 

100 

100 

100 

100 

100 

100 

600 

4 

112 

23 

22 

20 

31 

81 

289 

33 

49 

22 

30 

33 

66 

233 

5 

13 

2 

4 

4 

2 

» 

30 

2 1 

3 

1 

1 

1 

2 

10 

Total 

225 

125 

120 

124 

133 

186 

919 

135 

162 

123 

131 

134 

168 

843 

x« 

21. 73 

12.07 

11.66 

13. 74 

6. 06 

12.62 

76.88 

1.00 

2. 14 

6. 13 

1.76 

0.66 

12. 32i 

24. 60 


1,2, and 3 are identical excjept that; they represent cultures grown at different dates. 
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Table 7. — Ratio of 5-, 4-i o.nd S-septate conidia in different culture iuhes of 
Fusarium niartii var. pisi grown on cooked green bean pods 






TuIh' No. 

(scries 1) 

-- 






1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

I Oiiil 

- 

72 

53 

f>8 

71 

79 

80 

62 

90 

72 

76 

723 

4 

2a 

41 

27 

26 

20 

20 

34 

10 

22 

21 

247 

5 

2 

fi 

5 

3 

1 

0 

4 

0 

6 

3 

30 

Total . 

1(H) 

100 

100 

KM) 

100 

100 

100 

100 

100 

100 

1,000 

X * values . 

0. 40 

14. 2H 

2. 14 

0, 03 

2.84 

1.71 

5. 3 

13. 8 

3. 30 

0. 74 

44. 54 




'rube No. (scries 2) i “ 











'1 o( al 


■ 1 

2 

3 

4 

5 

6 


3 

100 j 

100 

100 

95 

100 

100 

595 

4 , 

90 1 

33 

53 

UM) 

54 

72 

402 


21 

r, 

12 

31 

II 

29 

109 

Total 

211 

138 

165 

226 

165 

201 

1, 106 

X 2 values 

3. 92 

20. 25 

i 

3. 35 

13.03 

3. 71 

5. 39 

49. 65 


> Seri(‘s 2 is tho same as siiries J, (‘xci^pt that the cultures were grown at a different date. 


Tho data indicate that cultui’es of Fusarium hulbigenum var. 
batatas are inort', nniform (table 5) than cnltnros of F, maiiii var. 
pisi (tables 6 and 7). Fusarium bulbigenum var. pisi on corn-meal 
agar gave no cultures that were significantly different from the mean. 
Whether or not this would hold true for a large number of cultures 
and on other media could be determined only by additional trials 
and experimentation. 

Three conclusions may be drawn from tluise data: (1) That different 
cultures presumably alik(^ may vary greatly in the ratio of three-, 
1‘our-, and five-septate conidia ; (2) tliat while three-sei)tate conidia may 
liredominate in one cultures, four- or five-septate may predomimiti', 
in others; and (3) that from a taxonomic standpoint it is unsafe^ to 
draw any general and sweeping conclusions based on a few cultures. 

INFLUENCE OF IRRADIATION ON SEPTATION OF CONIDIA 

In a previous iniblication ^ it was shown that irradiation of tln^ 
cultures increased the length of the conidia as compared with that 
of conidia produced in the dark. Its effect on tlui number of septa- 
tions was noted at that time, but extensive data were not taken. The 
nuithods employed in these later studies were essentially the same as 
tliose described in the present paper, and the same two species of 
Fusarium were used, viz, F. martvi var. pisi and F. bulbigenum vai*. 
batatas, F. martii var. pisi was cultured on 2-percent potato-de\tros(‘ 
agar and cooked green bean pods and growm in a culture chamber 
at 25® C. The cultures grown in the light were irradiated with a 
200-watt Mazda lamp at a distance of 20 inches. When light was 
to be excluded the cultures were wrapped in black paper, only the 
cotton plug being left exposed, but in every other respect cultures 
grown in the light and in the dark were identical. F. bulbigenum var. 
batatas was grown on corn-meal agar, and one set of cultures was 


‘ See footnote 2. 
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exposed to solar irradiation on the ledge of a north window. The 
dark cultures were wrapped in several thicknesses of black paper, 
except that the cotton plug was left free for the exchange of air. 

Both organisms responded readily to solar irradiation. Pionnotes 
and sporodochia were produced more abundantly in the light than in 
the dark. When the organisms were grown in the dark, however, 
there was a larger production of mycelium. 

Data were obtained from Fusarium martii var. pisi by combining 
the results from five and from six cultures grown on 2-percent potato- 
dextrose agar and cooked green bean pods, respectively, and from 
Fusarium bulbigenum var. pisi by combining the results from six 
cultures grown on corn-meal agar. Spore mounts were made as 
previously described, and the number of septations was determined 
for 1,000 and 1,200 spores produced by cultures on the various media 
grown in darkness and in light. Tlu^ r(‘, suits are shown in table 8. 

Table 8 shows that irradiation of the cultures of both species in- 
creased the number of septations. In all (‘ases thcue was a much 
larger number of on(‘- and two-septate conidia in the dark than in 
the light (uilturcis. Th(». highest percentage of four- and five-s('pt-at(‘ 
conidia occurred in cultures exposed to light, irrespective of the 
medium used. 


Table 8. — Effect of light and darkness on coni dial septation 


Septation 

Distribution of 1- to 5-soi)tate conidia of- • 

Fusarium martii var. pisi 

Fusarium bulbigenu m 
var. batatas 

Orowu on cooked green 
bean [)ods under - 

Grown on 2-percent 
potato-dextrose agar 
under - 

Grown on corn-meal 
agar under- - 

Light 

Darknc.s.s 

Light 

Darkness 

Light 

Darkness 

r.z"7"-V'r. ...^.,.77"'..^'. 

26 

221 

14 

114 

0 

025 

w 

24 

138 

3 

142 

0 

64 

3 .. - 

1,035 

830 

805 

744 

407 

187 

4 

115 

2 

88 

0 

57<> 

24 

^ - 

0 

0 

0 

0 

217 

0 

Total 

1,200 

1, 200 

1,000 

1,000 

1,2(K) 

1,2(K) 


DISCUSSION 

Differences in results and conclusions due to individual workers 
cannot be eliminated entirely. With respect to the taxonomy of 
fungi and in particular of the genus Fusarium the personal factor is 
significantly important. Some of the results obtained by two in- 
vestigators measuring conidia from the same microscopic mount were 
found to be significantly different, though not highly so, when treated 
statistically. If a significant difference, though small, occurs under 
conditions as uniform as those discussed above, it is not surprising 
that irreconcilable differences occur when the work is performed with 
little or no attention to uniformity of method. 

A homogeneous dispersion of conidia of the two species studied was 
made from a single culture of the different media employed in which 
the proportion of throe-, four-, and five-septate conidia in 10 different 
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uiouiits (li(i not vary enough from th(^ mean for tln^ differences to Ix^ 
significant (tables 8 and 4). 

It is evidtmt that no genejal conclusions c‘an be drawn for all spc^des 
of Fusarium from the rc^sults obtained for one or two specic^s aloru^ 
Fusarium bulbigenum var. batatas (table 5) was faii’ly consistent in 
its l)ehavior wlien grown under uniform conditions, since there was no 
considerable deviation from tin*. m(»-an and nom^ of the values 
exceed(‘,d the 5-]3ercent point. F, martii var. howc'.ver, yielded 

large differen(*.es betw(xai cultures that appeanxl to be very uniform 
in growth, which suggests that enougli cultures must t)e studied for 
the variations betwc^en tul)es in respect to septations and spores sizers 
to be smoothed out. 

Th(' results indicate that light was an important factor in the pro- 
duction of wliat is known as ^‘high culture” and in increasing tln^ 
size and number of sc^ptations of the conidia . A small number of septa- 
tions (1 and 2) predominat(Hl in cultures grown in the dark, and a 
larger number (8, 4, and 5) prcxlominated in those grown in the light. 
No five-septat(^ and very few four-septate conidia were found in any 
of tli(^ culturc^s grown in the dark, whereas in cultures grown in thc^ 
light they were* phuitiful, c^spc'cially in th(‘ casc^ of Fusarium bulbigenum 
var. batatas^ which consistcuitly i)roduces conidia liaving several 
septations. 

SUMMARY 

That dilfenuit investigators measuring conidia of the same species 
of Fusarium from tln^ same microscopic preparation may s(^cui*(‘ 
significantly different results is shown when these results are ti'eatcal 
statistically. Groups of 50 spore measurerrKuits from the sanu^ 
(uilture may vary (H)nsid(‘rably, but 150 to 200 measurements con- 
stitute a fairly safe saniph^ of a population if the spore suspensions are 
carc'fully i)reparod and mountcul. 

Th(U*e was no significant difference in the ratio of lhre(^ four, and 
fiv(‘ septations of th(‘. conidia in different microscopes mounts made* 
from the saiiu^ spore suspeuision. Highly significant difference's, 
how(‘,ver, soiiKdimes occurred between culture tvdxis of the sanui 
organism wluui grown on the same medium. A single tube culture 
cannot be assumed to be representative of a number of tube culture's. 

Ijiglit has an important infliKmce on the production of conidial 
se'ptation in certain species of Fusarium. A largeu' number of septa- 
tions predominated in cultures exposed to tlu', light than in those' 
grown in the dark; on the other hand, a larger number of one- and two- 
s(?ptate conidia predominated in culture's grown in the dark than in 
those grown in the light. Four- and five-septate conidia were few or 
entirely lacking in cultures grown in the dark, but tlie'y were plentiful 
in irradiated cultures. 




PREDICTION OF CULL FOLLOWINCx FIRE IN 
APPALACHIAN OAKS’ 


By Geohge H. Heptino- 

AHHociaht pathologifily Division of P^orast Pathology ^ Burmu of Plant Indnsiry, 
IJnitfid States Department of Agriculture 

INTRODUCTION 

The two most important causes of butt defect in eastern hardwoods 
are rot that develops from fire wounds and rot that starts in the parent 
stumps of sprouts and spreads into the new sprouts (5):^ Butt rot 
has long been reeognized as one of the major harmful effects of i\ro> 
in hardwoods, but only recently have attempts been made to discover 
means of estimating and predict ing the extent of such losses other than 
by ocular estimate. Improved means of appraising fire damag(i 
should lead to better allocation of fire-protection funds and to more 
(Hpiitable settlement of damage claims. A valid method for pr(di(‘t- 
ing cull following fire should also help guide salvage policy and marking 
))ractice in both timber sales and stand improvement work. 

Earlier investigations of decay following fire in Delta hardwoods 
(2) and Appalachian hardwoods (3) suggested possible (‘correlation 
ludween butt cull and a number of measurable factors, ineJuding age 
of tree, number of years since tlie fire, diameter of the tree when 
wounded, and width of wound. The present study was designed to 
incorporate those factors most highly correlated with butt c-ull and 
most easily measurable in the field into a statistical mechanism l)y 
whi(vh the amount of cull that will develop in oaks wounded by fire 
in the Appalachian mountain region can be predicted. This work 
is one phase of an extensive investigation of fire effects that is being 
carried on at the Appalachian Forest Expe^riment Station. The 
characteristics of the forests in the region where this work is centered, 
with particular regard to the causes and amount of cull due to heart 
rot, \m\o been described by Ilcpting and Ilcdgcock (5). 

METHODS 

The field data were collected during 1937 and U)38 on 1 1 comm('r(*ial 
logging operations distributed as shown in figure 1. The number of 
tiTcCS examined on any one operation depended upon the size and 
speed of the logging job, the number of species on the area, and range 
in wound sizes aiui ages available. The crew followed as (dosely as 
possible behind the cutters, examining each stump for basal wounds, 
both healed and open. Where there was evidence of basal wounding, 

‘ li(‘ceivtul for publication October 1, 1910. The fiehl work on which this pap<‘r is based was financed 
largely by the Appalachian Forest Experiment Station, ForCvSt Service, U. S. Department of Agriculture. 
Tho data were collected by 1*. W. Warlick and K. H. Qarren, temporary assistants, and E. R. Roth, assist- 
ant pathologist, attached to the (Civilian Conservation Corps. 

2 Special acknowledgment is due Prof. F. X. Schumacher, of Duke University, for direction in the analysis 
of the data, and C. A. Abell, of the (Jalifornia Forest Exf)eriment Station, formerly of tho Appalachian 
station, and Q. M. Jemison, of the Appalachian station, for their advice and cooperation. 

® Italic numbers in parenthe.ses refer to Literature Cited, p. 1 19. 
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a r(j(*()rd was made of original width of wound at stump height, stump 
diameter at time of wounding, wound age (years since the fire), tree 
ag(^, diameter at breast height, and volume of cull that resulted from 
the wound in board and cubic feet. Where the decay following wound- 
ing resulted in the complete loss of a section 0 feet or more in length, 
llie cull section was scaled as a separate log. The volume of cull 
sections less than 6 f(ud. in length was computed as a proportion of 
th(^ volume of a ib-foot butt log. Logs were scaled by the Inter- 
national Log Rule, Rot not exlensive enough to result in long butts 
was scaled out according to standard United Statcjs Forest Stu’vice 
instructions (7). 



Fkjuke 1. — Location of study areas and the number of trees analyzed in each area. 


Occasionally rot was evident in a stump that had no indication of 
basal wounding. Such decay could usually be traced to a low healed 
wound that did not reach stump height, although in some cases the 
rot developed in the roots and worked up, and in some sprout trees 
the decay undoubtedly originated in the parent stumps. There 
were also cases in which severe decay or hollowing made it impossible 
to determine the width or age of the wound that led to the decay and 
sometimes obliterated the wound entirely. Trees upon which only 
fragmentary data or data requiring an undue amount of estimation 
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(X)ul(l be obtained, such as some of the types described above, W('re 
not recorded. The proportion of trees rejected was small, and the 
j esulting bias was slight. 

Although the original height of a basal wound affects the amount 
of (Hill that will develop, this factor could not be measured on most 
trcH'-s b(3cause it would have been necessary to split the butt logs and 
that could have been done only with c.ull se(?tions. Wound width 
was therefore the only criterion of wound size obtained. 

During 1937 the field work was confined to white oak on two stavi*. 
op(H’ations. Since such trees were cut into short lengths, the amount 
of d(H?ay could be a(‘(*urately measurcHl. This work resulted in tlui 
standardization of methods, and in 1938 the work was extended to 
the other oaks, yellow poplar, and bassw^ood on saw-timber operations. 
To date, suffici(*nt data have be(ui accMmulated for the oaks only, and 
this paper will be confined to that group. The specic^s studied w(‘i'(' 
white oak (Quercus alba L.), clu^stnut oak (Q. inontana Willd.), jc‘(l 
oak {Q. hormlis maxima (Marsh.) Ashe), black oak (Q. velutina LaM.). 
and scarlet oak (Q. coccinea Muench.). 

DEVELOPMENT OF THE EQUATION 

Pi(*liininary analys(;s had cstablish(‘d that the two m(*asural)le 
factors most highly (orrelated with buti-cull volume were wh)uiuI 
width and wound ag(H In ordc^r to (explore the interrelationships 
among these three variabh^s, the data whu’c grouped into broad classes 
of wound width and age and plotted as shown in figure 2. This 



AGE OF BASAL WOUND (YEARS) 


Fioure 2.- -Volume of butt cull in board feet plotted over age of basal wound 
for different wound widths. This figure is based on the raw data, combining 
all species of oak. The numbers beside the points indicate the number of trees 
on which each point is based. 
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figure is based upon the data from 892 white oaks, 297 chestnut oaks, 
157 red oaks, 146 black oaks, and 47 scarlet oaks. It clearly indicates 
that under average conditions butt rot does not continue to extend 
indefinitely, but ceases after a certain number of years, depending in 
part upon the wound width. To provide a means of estimating cull 
for different wound widths and numbers of years following burning, 
it seemed desirable to express the relation of butt cull to wound 
width and wound age in the form of an equation. Since figure 2 
indiciates little increase in cull beyond 60 years except in the largest 
wounds, the equation was fitted only to the data through 60 yearn. 
It was thus possible to express the relation of cull to wound age in the 
form of a parabola. A curve expressing the relation of cull to wound 
width for the data up to 60 years indicated that cull increased with 
w^oimd width at an increasing rate for narrow wounds, the rate becom- 
ing more or less constant for wounds of medium width and decreasing 
for wide wounds. 

It thus appeared that the relation of cull to wound age could be 
expressed by an equation containing the first and second powers of 
age as follows: 

y-a+M+M" . (1) 

where 

y=cull in board feet 


a— a constant 

6i, 62 ^regression coefficients 
^rrrwound ugc 


Analysis of very young wounds showed that at least 3 years must 
elapse before there is measurable cull due to rot behind fire wounds. 
Therefore, the condition is imposed upon equation (1) that when .^4 = 
3, F— 0, as follows: 

0 = u “I" 361 -f- 962 

-361-962 * (2) 


Now substituting the value for a in equation (2) foi* a in ecpiation 

( 1 ): 

I — — 361 — 962 ~f" 61.A “f~ 62-^^ 
y-6i(yl-3)+62(^^-9) (3) 

As already mentioned, the relation of Y to A depends upon wound 
width (IT), and because of the shape of the wound width-cull curve 
it will take tlmee powers of W to express this relation. Thus 61 and 
62, the terms denoting the slope of the wound age-cull curve, may be 
expressed as follows: 


6i-m+CiW^+C2W^+C3W«1 ... 

where m and n are constants, and Ci, C2, C3, di, ^2, and (4 are regression 
coefficients. 


Analysis of more than 1,000 wounds less than 4 inches in width 
showed that practically no cull resulted from wounds 3 inches or 
less in width measured about 12 inches above ground. Thus the 
condition is imposed upon equations (4) tli^t when TT— 3, 61 and 62— 0: 

0 = m + 3ei + 96*2 + 27 Cz 
m=~-3ci— 9 c2— 27c3 1 
similarly n — ~ 3 di — • 9d2— 27^3/ 


( 5 ) 
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Now substituting equations (5) lor m and n, respectively, in equa- 
tions (4): 

b 1 — — 3ci — 9r *2 — 27^3 + (h W + €2 + C3 

b, ^ c, ( - 3) + C2(ir^-9) + r3( 27)1 ... 

similarly 62---<ii(H -3)+^/2(lF"-9) + ^4 

Now substituting equations (0) for 61 and bo, respectively, in equation 
(3) the final equation is obtained: 



AGE OF BASAL WOUND (YEARS) 

Fir.uRE 3. — ^Relation of bult-oull volume in board foot to ago of l)asal wound for 
difforont wound widlliw. ''rhose curves wore derived by multiple-regression 
analysis. 

y=c,(W-3)(yl-3)+f2(ir^-9)M-3)+r3(H'=-27)(^-3) 

+rf,(W -3)W-9)-t rf2(M'-’-9)(.t‘‘-9)+rf3(PP-27)(A^-9). 

The solution of this equation by tlie method of least squares gave 
the following for wound ages up to 60 years and widths up to 31 
inches: 


r=0.1467 ±0.02876 (11 -3) (.4-3) 

±.0040456 ±.0020171 (W^-Q) (.4-3) 

-.000115276 ±.000052085 (lV''-27)(.4-3) 

-.0043127 ±.0005517 (W-3)(±‘‘-9) 

±.000223 ±.0000415 (lV=*-9) (±--9) 

±.0000038365 ±.0000010952 (li'"'-27) (±^-9) 

The equation is graphically illustrated in figure 3. In the develop- 
ment of the equation, instead of computing squares and cross prod- 
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nets for (uieh troo, the data W(Te ^rouj)ed into niiK' classes of wound 
width and s(wt^n classes of ag(5. The etiuation was (h^rivt^d from the 
class means, together with their appropriate frequencies. The stand- 
ard (OTor, computed directly from the residuals for each tree, is 48, 
which is 1 12 p(»rcent of mean F. The equation accounts for 01 percent 
of the sum of squares of cull aroumi zero. The magnitude of the 
standard (>rror varies with estimated F, as shown in figure 4. This 
regression (fig. 4) was determined by grouping the trees into classes 
of estimated F and computing the standard deviation of residuals for 
each class. 

In figure 5 the residuals are plotted about the net regression curves 
of (‘ull over wound width and cull over wound age. These curves 
show tliat tlie (‘(juation type adopted is suitable and that the t*(| nation 
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ESTIMATED BUTT CULL (BOARD FEET) 


KiriURE -I.- Variation of tlic standard deviation of residuals with volume of butt 
cull as estimated from the regression equation. The numbers beside the points 
indicate the number of trees on which each point is based. 


satisfies the data reasonably well. The unaccountably large' amount 
of cull in the trees with wounds in the 40-year ag(' class raised the 
general level of the curve in figure 5, B, above that defined by the other 
age classes. 

The estimates of cull from figure 3 are not in close agreement with 
those of Hepting and Hedgcock (5, fig. 6). While in the earlier work 
wound age as a variable was not included and the graphs are thus not 
readily comparable with figure 3 of the present work, nevertli(4ess 
estimates of cull from the earliesr curves would run consistently higher 
than those from figure 3. The present curves, while yet perhaps 
not the final answer, should be regarded as superseding those given by 
Hepting and Hedgcock. Since the earlier work was not designed 
primarily to study decay behind basal wounds, it is possible that tlu' 
smaller closed wounds on many of the sound trees were not recorded. 
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SIGNIFICANCE OF VARIABILITY IN CULL AMONG SPECIES, SITES, 

AND LOCALITIES 

TIk; possibility that niathoinatically significant differences in rate 
of decay existed among the five species of oak studied was tested by 
the analysis of varianx'e of residuals aftcu- rcHlucing tlu^m to standard 
units. The residual for (‘ach tree was dividinl by the standard devia- 
tion of residuals appropriate to its estimated cull, from figure 4, there- 
by putting th(^ residuals in terms of standard units. Thus, tlic 
variance's of residuals at diffeu'cnt points along the regression lines 
('overed (essentially thee same range and could be poohed into a general 
analysis. 

Diff'enmex's among specie's weeree tested seeparately for wounds up to 
12 inches widee and for those 13 inche^s wide and over. In table 1 tlio 
residuals, by specie's and by two classes of wound width, are give^i. In 
neither case was the mean square among species significant at the 
ri-perce'.nt le>V('l by Snedecor's F te^st {6). Tables 2 pre^sents the a-nalysis 
of variance for all wound widths combine'd. The failure of the mean 
square among spe'.cies to appe^ar significant does not ne'cessarily mean 
that those', five', specie's decay at the same rate, but it me^ans tha.t from 
these data it cannot be^ demonstrated that differenice's exist within a 
reasonable de^gree of expectancy, because the^ variation in rate of 
decay witliin a specie^s was as great as among specie's. 


Table 1. — Mean residuals for the 5 species of oak, hy wound-width classes, in terms 

of standard units * 


Species 

Wounds 4 to 12 
inches wide 

Wounds LS to 
inches wide 

Total wounds 

Number 

Mean resid- 
ual (stand- 
ard units) 

NurnlMT 

Mean resid- 
ual (stand- 
ard units) 

Number 

Mean resid- 
ual (stand- 
ard units) 

Whib' oak 

106 

-0.15 i 

1»4 

+0.18 

240 

+0. 03 

( 'hestmit oak 

84 

-. 11 

68 

-.08 

152 

-.10 

lied oak _ 

.•>2 

-f.02 

25 

-. 14 

77 

-.04 

Black oak - 

40 

-.i:i 

1 32 

-.30 

72 

-.20 

Scarlet oak — 

20 

+ .01 j 

i 

+.03 

23 

+ .01 


* A plus sign indicjitos a mean cull volume greater than, and a nnmi.s sign, less than. tisLiiuated cull based 
on all siwcies. 


Table 2. — Analysis of variance in cull among 5 species of oak 


Variane«^ 

1 )egr(M‘s of 
freedom 

Sum of 
s(piares 

Mean 

sciuare 

Odds that 
the factor 
is signifi- 
cant 

Among species.. 

Within species. . . 

Total . 

4 

550 

3. 7405 
561. 3tX)8 

0. 0374 

1. (X)42 

<20 : 1 


563 

565. 1 103 





The method used to test differences in decay rate among the species 
of oak was also used to test the effect of site. The following mean re- 
siduals, expre^sse'xl in standard units, indicated that site might liave a 
significant e^ffe'ct: Stream bottom^ —0.17, lower slope — O.Il, middle 

* stream bottom includes land within 10 feict elevation of running water; ridg(‘ includes land within 10 
feet elevation of a ridge top. The sIojk* betwwm stream bottom and ridge is e(iually divided into lower, 
middle, and upjwr slop(^. This method of expressing site was suggested by L. I. Barrett, of the Appalachian 
Forest Experiment Station, Forest Service, u. S. Department of Agriculture. 
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slopti —O.OO, upper slop(‘ —O.CKf, and ridge +0.11. The analysis of 
variance ])r(‘sent(Ml in table 3, howf^ver, fails to show tll(^ differences 
in d(‘cay raters among sites as significant. There is ample evidence 
that susceptibility to wounding by (ire varies considerably among the 
sp(H*ies of oak (4) and among sit(*s, but it is not possible' to demon- 
strate' through this inve'stigation that wounds of the same' size on the 
diffe're'nt oaks studied or on diffe're'nt site's will result in elifferent 
amounts of cull. 


Table 3.- — Analysis of variance in cull among o site qualities 


V^ariaiKM* 

i ■ 

j DeRreesof 
free.<loni 

! Sum of 
squares 

1 

Mean 

sfiuare 

Odds that 
th(i factor 
is sipinifi- 
(•ant 

Airjonj; sites 

Wit iiin sites . . 

4 

_ 

2. 4.V)(i 

1 wvi. <>02:^ 

0. 

t.(MK>4 

<2e> : 1 

'r<»1al -- - . 


j f>or>. or)70 


- - — 


The' significane'e' e)f elifrere'iu'cs in cull among tlie 11 stuely areas was 
I e'ste'el in a manner similar te) the te'sts for spe'cie's and site. The me'an 
re'sieluals for tlie differe'iit areas, e'xpre'sse'el in stanehirel units, range'-el 
from “0.18 to ( 0.43. The' analysis of vuiriance (table 4) fails to sliow 
the' eliffe>rene‘e'S in cull among localitie's to be signilicant. Certain- 
inelivielual eliflVrence's in cull be'tween are'as with the me)st anel the' 
h'ast cull we're signifie'ant, but in general the', e!itfen*ence'S we're so small 
that the' mean sepiare' ame)ng le)calitie's faileHl te) show significance. 

Table 4, ArialyfiiH of varianci' in cull among 11 locaiitufi 


Variam;e 

i Denna'sof 
i freeiloni 

i Sum of 
scjuares 

M('an 

S(|uare 

, Odds that 

1 th(! factor 
is signi- 
hcant 

A mon^; localities ... 

Within lo(;alilies 

! i 

: 10 ' 

. . . . i .V):! 

17.0051 
MS. i:il7 

1.700.5 

(1.0912 

<20 ; 1 

Total. 

1 5t>;i 

,50'). i:i()S 

, 



FUNGI ISOLATED FROM BUTT DECAY 

lk'rha|)s the' me)st impen’tant single factor e'ontributing te) t he gre'at 
variatie)!! in butt-cull vejlume among tre'cs of the same species anel with 
wounels of appre)ximate*ly the* same* size anel age is the fungus succe'ssion 
in the* wooel be'hinel the* we)unels. During the first few ye'ars the* fruit- 
ing bodie's of nume're)us fungi that rot deael sapwe)oel commonly appear 
on the* ele'ad bark e)ver basal wounds. During the first sunime>r afte'i* 
a fire Schizophyllnm conmunc Fr., Pamis stipticus Bull. e'X Fr., Daldi- 
nm concentrica (Bolt ex Fr.) Ces. and DeNot., Niiminularia sp., and an 
oe'casional Stermrn or Poly poms commonly appear; tlie seconel year 
Poly poms versicolor L. e^x Fr., P. parganienus Fr., Stereuni ranieale 
Schw. ex Burt, S. lobatuni Fr., anel Lenziies betulina L. e'X Fr. a 1*0 the 
most common that occur; anel by the third year P. gilous Schw. ex Fr. 
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usually makes its appearance. These fungi are generally followed by 
the heart rotters, which rarely signify th(‘ir presence by producing 
sporophorcs. In some case's, especially behind small wounds, the sap 
rot fungi will progress a short distance into the heartwood and no 
further decay will follow. 

Apparently chance has much to do with which heart rot fungi be- 
come established bc'hind any given wround in oaks. During this 
study cultures were prepared from the decaying wood behind a number 
of wounds wdiere specimens could be obtained that gave promise of 
yielding pure cultures.^ 7^ible 5 includes a list of the fungi isolated 
and the maximum and the average height above ground that the 
decays (‘X tended. Although tabh' 5 is based upon isolations from 
wounds of differc'ut widths and ages, it strongly suggests that the 
('xt(»nt of decay is partly dependent ui)on th(' fungus involved. This 
luul previously be('n demonstrated for a sonu'what diff(‘rent group of 
fungi in the case of southern bottom-land liardwoods {2). 


Table 5. Fungi isolated from butt decay 


(Jroup ' 


1 


2.. 


Fungus 

Isolations 

... .. .. . ... . ...... 

\’u7nher 

\ Uydnum trinactUHWwW. Vv 

14 

Sternim frmfuloHum Pors. ex Kr. . 

22 

Porin cocos (Schw.) Wolf 

4 

PolyporuH herkfleyi Fr. 

8 

Polypnrm frondosus Mk'ks. ox Vr. . . 

4 

[Ar7nillfiria in(Ue(i Ynhl vx h'r. 

4 

(Porta andersonii (Ell. and Ev.) Neuman 

2 

Potyporus spraymi VwTi. 

1 

Polyporns dryophtlus herk. 

2 

Polyporus dryadtm Per.s. ex Fr. 

2 

ICortirimn lividurn Pers. ex Kr. 


) Poly por us TO no lis Berk. 

2 

Poria niyra Berk. _ . 

3 

Polyporus sulphureus Hull, ex Fr. . . 


Polyporus pseudo-sulphur ms lAmy. .... 

I 

[Fisluliun hepatica Uwla. ox Vr — . . . . 

1 


HriRht of evident, dci-fiy 


Maximum 

A verage 

Ftrf 

Feet 

21. n 

8. 8±l.3r) 

IH.Ii 

8. 7:t. .83 


7.4=L .40 

8.8 

0. 7± .03 

7.7 

0.3 Jr .00 

r>, 3 

4 2:}: . 48 

2r). 2 

10. 2 

p).n 

10.0 

28.7 

14.0 

ir).o 

10. r> 

10. 7) 

10. r» 

13.2 

10. 3 

10.0 

H. 7 

7. /) 

0.0 

7). 3 

r,. 3 

3.7 

3.7 


1 (Iroup I incliKlfs only tliosf fungi that, are roiimst^ntod by 4 or inorr isolates, and for thrin tlu* standard 
orror of the avorage* d<*(^ay htaghl is given; group 2 includes those fungi ri'presented l)y less than 4 is(»lates, and 
for them no standard <Trors were computed. 


PREDICTION OF CULL 

By the end of one growing season after a fin^ the limits of the basal 
wounds formed can be fairly accurately determined because of the 
raised callus ridges at the edges of the wounds and the dead, loosened 
bark. A tally of the new basal wounds according to their widths 12 
inches above ground and the application of the (equation illustrated 
in figure 3 afford a means of predicting the volume of cull that will 
follow. If the number of trees wounded and the wound widths arc? 
known, together with the approximate date of harvest, the expected 
board-foot loss at the time of harvest can be computed. If this 
volume is converted to dollars per acre, and the latter value dis- 
counted to the time of the fire at an appropriate interest rate, an 
estimate of the financial loss due to cull can be obtained. The greatcu* 
the number of trees wounded, the greater the accuracy of prediction. 

6 Cultures were prepared from the specimens and determinat ions were made by K. W, Davidson, of the 
Divison of Forest Pathology. 
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For (example), cull pnulictioris for a ji!:roup of 500 trees would liav(^ uudiu* 
average conditions, a standard (».rror of about 5 percent, and for 1,000 
trees, 3 perccuit. 

Basal wounds should b(‘. tallied only on those ti*ees that are already 
(Top trees or that show fair prospect of b(HT)rning such. no 

cull would be coiniuited for the oviTtopped and jjart of the intei- 
mediate trec^s or treses already culls when wounded. Neither should 
wounds be tallied on tna^s already known to bt^ butt-rotted. Tlu^ 
(examination of all ci’op tnees on a burmul area woidd ordinarily be 
unnec(essary. Execept in the case of very small fires, a 5- or 1 0-percent 
tally, by strips or [)lots, woidd probably suffice to sample the extent 
of wounding. 

The inttegralion of the fire losstes due to cull, mortality, and other 
factors, leading to a cornpletce analysis of damage from individual fir(‘s 
(*xf)ressed in dollars ptu* acre, is th(e goal of thi^ series of investigations 
of which this is a part. A recient article l)y Bentley (7) illustrates t lu' 
necul for sound standardized mx'thods of predicting fire damage in 
hardwoods, so that personal judgment wdll be reduced to a minimum. 
He cites a spinufic cas(» in a cut-over hardwood stand in Tennessee, 
wdiere the damage resulting from certain fires was gri^atly underesti- 
mat(Hl. His own iiK'thod of damages appraisal, howi'vt'r, appears to 
lack factual basis and to provide estimates mu(*b too high. 

SUMMARY 

Investigation of decay that developed from basal lire w^ounds on 
oaks led to the development of a statistical mechanism by which tin* 
cull that follow^s a particular fire can be predi(*ted. Tln^ pr(*.dicting 
(*(juation is for singli^ tr(*(‘s and is based upon the width of basal wounds 
12 inches above ground and the niimb(*r of y(*ars since the fin*. Tin*, 
data were collect(*il on trei^s cut for lumber, cross ties, and staves at 
11 localities in the Appalachian Mountains. 

It could not be demonstrated that basal wounds of equal wddth 
produciHl significantly dilViucnt amounts of cull among the sp(*cies of 
oak, among the dilferent sites, or among the study areas. 

Much of the variation in amount of cull among triK*s with wounds 
of similar siz(^s and ag(*s was dm* to the dillerent fungi that became 
established. Of the 10 species of decay fungi isolated from decay 
following wounding, the most (‘.omiiion w^(*re Simmm, frusiulosrun and 
Ilydnum erin aceus . 
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HYBRIDIZATION BETWEEN USTILAGO AVENAE AND U. 

PERENNANS* 


By C. S. Holton, assocdate pathologistf Division of Cereal Crops and Diseases^ 

and G. W. Fischer, associate pathologist^ Division of Forage Crops and Diseasesy 

Bureau of Plant Industrpy United States Deparlrneni of Agriculture 

INTRODUCTION 

Numerous cases of liybridization between species (/, 5, 6*, 7)- 

and between genera (8) of tin’! smut fungi have been reported in recent 
years. It is notable, however, that in all such instances tlui hybrids 
were produccal by inoculating a host known to be common to tlu* 
organisms involved in th(». (*ross. Thus far there has becui no report 
of the production of hybrid chlamydospori's in the smut fungi in 
which the species or genera involved in th(> cross did not have a com- 
mon host. Hec(‘ntly, the writers have obtained results that seem to 
indicate d(‘finit(‘ly that hybrid chlamydospon's were produced by 
crossing UMago (Pers.) Jens, (loose smut of oats) and U. 

pereripanf^ Rostr. (loose smut of tall oatgrass (datius 

(L.) Mert. and Kocli)), two species for whicli no common host is 
known. These results an^ presented herein. 

MAT?]RIAL AND METHODS 

All cultures used in these investigations were of monosporidiaP 
origin aiid were obtained by isolating single sporidia from individual, 
g(‘rminating chlamydospon's. Each clilamydospore from which 
sporidia W(‘r(' isolati^d was given a number and the four sporidia wen? 
numbered according to their resp(H.djve positions on the promyceliuin, 
b(‘ginning at th(‘ distal end from the spore. For example, Ustilago 
armae 52 1, 52 -2, 52 52-4 are the designations for monosporidial 

lines obtained from chlamydospon* 52 of that species. The sex 
i-eacJ.ion of the various groups of monosporidial lines was det(*rmined 
by mating them in all possible combinations of two on plain agar and 
examining for sporidia! fusions after 24 hours or longer. Oidy those 
combinations showing sporidia! fusions in cultur(> were us(h 1 for 
inoculation purpose's. In some of the tests the inoculum was com- 
pos(*d of only two inonos])oridial liiu's, in which case the combination 
is indicated as 1X2 or 1^X4, as the case may be, while in otluM* 
instances the inoculum was composed of four line's, two of one se'X anel 
two of the e>pposite sex, in which case the', combination is indicate'el as 
I f 2X3+4. In the case e)f an inte>rspe'cie'S cevmbination the enilture 
numbe>r or numbers shown first repre>se'nt the species listed first. 
For e 3 xample', U. arenae 54X11. perenmms 8 sporielial ceunbimition 
1X3 demotes that culture No. 1 of U. arenae 54 was emmbine'd with 
culture No. 3 of U. perennans 8. 

‘ Kecoivod for publieation NovoiuImt 4, 1940, CooiMTativo investigations of the Division of Cereal e>ojis 
and Diseases and the Division of Forage e>oi)s and Diseastvs, Bureau of Plant Industry, D. S. Department 
of Agriculture, and the Washington Agricultural Kxix'rimcnt Station. J'uhlished as Scientific Paper No. 
440, (vollegc of Agriculture and the Agricultural ExtHiriment Station, State (V)llege of Washington. 

2 Italic numlicrs in parentheses refcT to Literature CiU»d. p. 128. 
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The culture hioculuni was prepared by mixing sporidia of opposite- 
sex on 2-percent potato-dextrose agar and incubating at room tempera- 
ture for 12 to 18 liours, at wliicli time a sporidia! suspension of the 
combined cultures was made in sterile tap water. Chlamydospore 
inocidum consisted of a suspension of spores in tap water made imme- 
diately before inoculation. Inoculations were made by the partial- 
vacuum method described by Allison (f ). The oat seed was soaked in 
formaldehyde solution (1:320) for 10 minutes to kill any smut that 
might be j)resent as a result of field inoculation and it was then washed 
with running water to remove the forrnaldyhyde. The tall oatgrass 
seed was given tlie same formaldehyde treatment for 1 hour. 

RESULTS 

PATHOGENICITY OF INTUASPBXHES AND 1NTKUSPE(UES HYBRIDS 

Seed of Victory oat (C. I.*^ fiCiO) {Avemi sativa L.) and wild oats 
(A. fatua L.) was inoculated with intraspccies and interspe(‘ies sporidia! 
(combinations of Ustilago arenae and IL perennans and planted in the 
giwnhouse in the winter of 1937 38. Both hosts were infec'ted by f ^ 
avenae, neither host was infected by !J, perennans, and slight infection 
was obtained on wild oats only with the interspecies combinations. 
Tlie interspecies Fi chlamydospores were echinulate, resembling both 
parents in this respect, l^irthcrmore, they were capable of normal 
germination, but the sporidia, with few exceptions, were iiu'apable of 
growth on culture media. 

In view of these preliminary results, the inoculations were repeated 
and the seed was planted in the field in the spring of 1938. The results, 
presented in table 1 , substantiate those obtained from the preliminary 
inoculations. Ustilago amnae produced 00 and 90 percent smut on 
Victory and wild oats, respectively, while U. perennans produced no 
smut on either of these hosts. The two interspecies crosses failed to 
infect Victory oats but produced slight infection (0.8 and 3.2 perc(>nt) 
on wild oats. As shown in table 1, no results were obtained from the 
inoculations of tall oatgrass because the plants did not head. Again 
it was found that the hybrid chlamydospores produced on. wild oats 
germinated normally, but the sporidia would not grow in culture. 

The Fi chlamydospores of the interspecies crosses were used to 
inoculate seed of the three hosts which was planted in the greenhouse 
in the fall of 1 938. The results of these inoculations are also presented 
in tabh’! 1 . Both Victory oats and wild oats were infected by the two 
hybrids, one hybrid proclucing 96 and 92 percent smut and the other 
38.6 and 16.5 percent smut on these two hosts, respectively. In con- 
trast, tall oatgrass was not infected by either hybrid. The failure to 
recover a Ustilago jf^rennans segregate on tall oatgrass is difficult to ex- 
plain, especially in view of the fact that a U. atmiae segregate appar- 
ently was recovered on Victory oats. Furthermore, the evidence that 
U. perennans actually was one parent of the two hybrids is entirely of 
the negative type, being based on the fact that Victory oats and wild 
oats, both of whicli are highly susceptible to U. amnae, were not infected 
by the U. perennans inoculimi. However, a new series of inoculations 
on seed planted in the greenhouse in the fall of 1938 gave results that 
substantiate those described above. 

» C. I. refers to aecevssion number of the Division of Cereal Crops and Diseases. 
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Table 1 . — Smul resulting from inoculations with intra^^pecies and inters pedes 
sporidial combinations and h\ hybrid chlamydos pores of Ustilago avenae X f/. 
perennans 


panicles in— 


SiM‘cJ(‘s and cross 

Sporidial 
coin i)inat ion 


Inoculum 

I Victory 

1 oats 

Wild 

oats 

'rail 

oatprass 

U . avenae W2, . . | 

U. perennans _ i 

U. avenae 52 X U. perennans 5 j 

1 

I+4X24-‘< 1 
1 X 2-1-4 j 

fl H X2-I-4 I 
2f.*iXl-f3 I 
14-4 X 2+4 i 
2+3 X 1+3 

i Percent 

Sporidia fid. 0 

do .. j 0.0 

1 .do 1 0.0 

do _ . . j 0. 0 

Fichlamydosporcs 9f5. 0 

do „ _ ! 3S. .5 

Percent 

90. 0 
0. 0 
O.K 
.3.2 

92.0 
10.5 

Percent 

(') 

f) 

(') 

(') 

0.0 
0. 0 


• Iimoulations W(*n* mu<h‘, hnf f ho j)lanl.s failotl to hoad. 


In the seeoiul series of inoculations, cultures of two races of IMllayo 
avenae and of one race of I . perennans were used and the inoculum in 
each case was composed of comi)atible combinations of two mono- 
sporidial lines, both within a species and between species. Inocula- 
tions were made on Anthony oats, wild oats, and tall oat^rass, except 
that tall oatgrass was not inoculated with Ij. avenae, and Anthony 
oats were not inoculated with l\ perennans and the interspecies com- 
binations. The results of these inoculations are presented in table 2. 
I^he efficiency of the inoculation ])rocess and the fact tliat optimum 
conditions for infection prevailed are w^ell established by the results 
ol)tained witli Anthony oats. Six of the eight sporidial combinations 
of IL avenae used to inoculate this variety produced lOO percent in- 
fection and the other two prodiu'ed more than 90 percent infection. 
The susceptibility of wild oats to the V. avenae inoculum was showui by 
the fact that one of the races produced 83 percent and the other race 
82 percent infection on this host. The inoculation of tall oatgrass and 
wild oats with U. perennans resulted in infection of the former by all 
four sporidial combinations used, the estimated percentages ranging 
from 15 to 35, while no smut was produced on wild oats by any of the 
inoculations w ith this species. 

Ill table 2 it can be s(*t*n that of the 16 interspecit‘s combinations 
used to inoculate wild oats and tall oatgrass, 4 ])roduc(Ml smut on 
the former while nom^ produced smut on tlu' latter. Sporidium No. 
1 of Ustilago avenae 54 crossed with sporidium No. 3 of U. perennans 
8 produced 83.3 percent smut on wild oats and sporidium No. 4 cro.ssed 
with sporidium No. 3, of the same two spc'cii^s, respectivedy, ])ro- 
duced 53.8 perctmt smut on wild oats. Like^wise the same sporidial 
combinations, i. e., 1 X3 and 4X3, of U, avenae 56 and IL perennans 8, 
produced 10 percent and 18.1 percent smut, respectivedy, on wild 
oats. In this connection it should be noted, as shown in tabh' 2, 
that the 4 interspecies combinations in which the sporidia fus(‘d and 
subsequently produced infection hyphae in culture produced smut on 
wild oats, while no infection resulted from the inoculations with 
those sporidial combinations in which the sporidia fused wdthout tl)e 
subsequent production of infection hyphae. Thus, apparently then* 
were two degrees of compatibility in the interspecies combinations 
of opposite sex, represented on the one hand by sporidial fusions 
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without furtli(»r development in culture, and on the otlier hand by 
sporidial fusions followed by the production of infection hyphae and 
ultirnaltdy the development of chlamydosporc's on tin? host. 

Tabi.e 2 . — resuHing from momdalions with miraspecien and interspecies crosses 
of Usiilago avenae and If. perennans 





Smutted plants 

2 in 


Sporidial 

Sex reaction 
in culture ' 




SjX'CMos and cross 

(>otnbiriH- 

tioii 

Anthony 

Wild 

4 'all oat- 




oats 

oats 

grass 




J*ercent 

Percent 

Percent 


1 X 2 

++ 

100. 0 

83. 0 


U. n fieri Uf _ 

1 X 3 

■f'f 

4--i- 
+ + 

100. 0 


2X4 

100. 0 




3 X 4 

91.0 




1 X 2 


95.0 

82.0 


U. avenae .'iO. . 

1X3 

2X4 

++ 

++ 

•+■ + 

100.0 
100. 0 




3X4 

100.0 




1 X 3 




0.6 

30. 0 

IT. perennans H . . 

1 X 4 

++ 


0.0 

1.6.0 

2X3 


0. 0 

36. 0 


2X4 

1X3 

+ + 

+4- 


0. 0 
83. 3 

30. 0 
0. 0 


1 X 4 

+ 


0. 0 

0. 0 


2 X 1 

+ 


0.0 

0. 0 

(7. avenae .'>4 X 77. perennans K,. . . 

2X2 

3 X 1 

“f 

+ 


0. 0 
0.0 

0. 0 
0.0 


3 X 2 

4- 


0. 0 

0. 0 


4X3 



63. 8 

0. 0 


4X4 


0.0 

0. 0 


1X3 

4- + 


10.0 

0. 0 


1X4 

t + 


0. 0 

0.0 


2 X 1 

4- 


0. 0 

0. 0 

U. avenae fiCi X U. perennans 8 , 

2X2 

3 X*I 

4 -, 

4- 


0. 0 
0. 0 

0.0 
0. 0 


3 X 2 

+ 


0. 0 

0. 0 


4 X 3 

+4- 


18. 1 

0.0 


4X4 

4* 


0.0 

0.0 


1 



• The double plus sign (4-+) indu;utt‘S sporidial fusions with Hie subseciuent protJiKtUon of infoetiori 
liyphae, while the single plus sign (-f) indicates sporidial fusions without the subsequent produetion of 
infeetioii hyphae. 

* Based on plant counts, the total number ranging from 16 to 24 in Anthony oats and 9 to 1 6 in w ikl oats, 
except in tall oatgrass, where the percentages were estimated. 


In view of the apparent difference in degree of compatibility of the 
interspecies sporidial combinations, another inoculation test was made 
in which only those combinations were used for inoculum in whicli 
fused sporidia produced infection hyphae, and only one host, wild 
oats, was inoculated. In addition, the Fj chlamydospores of the 
interspecies hybrids shown in table 2 were used to inoculate Anthony 
oats and wild oats, which were seeded in the field in the spring of 1939. 
The results are presented in table 3. The susceptibility of the wild 
oats to the ILstilago avenae inoculum is shown by the production of 
85, 80, 50, and 77.6 percent smut by the four combinations of inono- 
sporidial lines used. On the other hand, f7. perennans produced no 
smut on this host. All of the sporidial combinations involving TJ. 
avenue 54, 56, and 57 with [/. perennans 8 produced smut, the per- 
centages ranging from 2.5 to 90. Of the four sporidial combinations 
between V. avenue 55 and U. perennans 8, only one, 4X3, produced 
smut (47.2 percent). There is no apparent explanation for the failure 
of the other three combinations to produce smut, as infection hypliae 
were produced by the fused sporidia on plain agar. Likewise it is 
difficult to explain the wide differences in the amounts of smut produced 
by other interspecies combinations shown in table 3. It is hoped that 
further studies will make possible an explanation of these results. 
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The results of the inoculations with Fj chhirnydospores of the four 
interspecies liybricls show a high degree of infection (50 to 95.2 
percent) with three of the hybrids, and low percentages of infection 
(7.5 to 7.9 percdit) with the other hybrid (table 3). Thus, segregates 
having a pathogenicity similar to that of the (Milago avenae parent 
were recovered on Anthony oats in the F 2 generation, although no 
smut was produced on this variety in the Fi generation (table 2). 
The results of inoculations on tall oatgrass with these four hybrids 
are under investigation. 


Table 3. — Smut remdliiig from inoculations with iniraspecivs and inierspecicy 
sporidial combinations and h'l hybrid chlamydospores of IJstilago avenae and 
if. perennans 






Smutted i»anicles« 

SjH'itios and oross 

Si»orl(lial coiiihi- 
nation 

S(*x r<** 
actian 

IrUKMlIlUM 

in- 





in (tulMiro 


Anthony 

Wild 





oats 

oat.s 





Percent 

Percent 

V.nrenaeM.. . 

I +4X2+3 

++ 

Sporidia . 


85. 0 

U. avennr 50 . . 

1 +4X2+3 

++ 

.. do 


80.0 


J-f 2X3+4. . 
1+3X2 +4 . . 

++ 

++ 



.50. 0 

U. avenae fu 

. dr» -- 


77.0 

U. perennans 8 . . 

1 +2X3+4 

++ 

. . do . 



0.0 

V. avenae 54X U. perennansH 

/IX3 

14X3 

+ + 

++ 

do . 

.. do 


40.7 
80. 0 

U. avenae 50 X U. pereimanHS 

/IX3 

14X3. . . 

++ 

++ 

. do - . . 

do 


83. 3 
10. 4 


13X1 

++. 

(io 


4.2 

U. avenae 57 X U. perennansH 

|3X2 

14X3 

++ 

++ 

1 - do .. 

!.. . do . . . 

... . . 

2.5 
00. 0 


14X4.. 

++ 

<lo 

i y , 

3. 3 


(1 XI .. 

++ 

+ + 

+ + 

...<lo 


0. 0 

U. avenae 55X (J. perennansH 

1 1 X2. . 

14X3. 

...do 

. . do 


0.0 

47.2 


14 XI 

+ + 

..do., 


0.0 

IJ. avenae 54 X U. i>erennansH 

/1X3 . . 

14X3 .. . 

— 

Fj c'hlamydo.sporcs . . 
do . 

02.' i' 

50. 0 

{)2. 3 
05. 2 

U. avenae 50 X U. perennansH 

/1X3 

14X3 


do 

<io 

7. W 
01. 1 

7. 5 
78. 1 


1 HhsckI on total panida.s in oacli 5-fool row in tho floUI. 


COMPATIBILITY OF MONOSPORIDIAL COMBINATIONS 

The difl’(‘renc(* in digrco of compatibility between the combinations 
of monosporidial cultures prc'viously dcvscribi^d is substantiat(‘<l by 
results obtaiiu'd witli combinations of two other monosporidial (*om- 
plements of l .stilago perennanH with U, avenae, U, lenis (Kell, and 
Sw.) Magn., a buff strain of U. levis, and U. hordel (Pers.) Kell, and Sw . 

IJstilago perennans 5 and G, eacli ri'presiuited by full complements 
of four pedigreed monosporidial cultures, exhibited nothing unusual 
when mated with each other in all ])ossible combinations, as shown in 
table 4. The eight monosporidial lines all seiuncd (‘cpially able to 
fuse with others of o])posite sex, and fusion w^as followinl by the 
normal development of infection hyphae. However, when these 
same eight cultures were paired with cultures of the othiu* species, a 
compatibility difference, which is linked with the sex involved, became 
evident. The results of these matings are recorded in table 5. 

In each of the two complements of pedigreed monosporidial cultures 
of Ustilago perennans there are two cultures that are more active in 
interspecies matings than the other two, and, also, in each case the 
two stronger cultures are of the same S(‘X. In U. perennans 5, it is 
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ciilturos 1 aiul 2 in oacli instances that parti(*i|)at(> in tlu> devolopnient 
of infoction liyphao with whatever* sporidia of opposite sex they are 
paired. Sporidia of the other two cultures, 3 and 4, fused with 
sporidia of opposite s('X of the other spcicies, but the union was seldom 
followed by the production of infection hypha(>. In U, perennans 6, 
culturf^s 3 and 4 were the more active, and hert‘ again it is notable that 
these two arc* of the same sex. Furthermore, it is seen that in U. 
perennans 6, cultures 3 and 4 are of the same sex as U. perennans T), 
cultures 1 and 2, as indicated by the results of cross- pairing these; 
cultures. 


Table 4. — Normal rmetion ohtained when two complements of pedigreed mono- 
sporidial cultnres of Ustilago perennans are paired, with each other on plain 
water agar 

[++ = infe(?ti()n hypliao, produced by fused sporidia; — = no reaction] 


('Idamydospore No. 


17. imeuunvH fi 


r. perninnnxit.. 


Sporid- 

ial 

No. 

1 

( \ perennanis 5 

2 3 

1 

Sporitl 

4 

ial No. 

1 

f 1 



-]-4- 

4”h 

44 

2 

— 


-f 4- 

4-h 

4-H 


+4- 

44 


— 

— 

1 4 

4-f 

4-4- 

— 

— 

— 

f ^ 

4-4- 

44 


— 

— 

2 

-h-h 

44 

— 

_ 

_ 




4-4- 

4-4- 

4-4- 

^ 1 


- 

4-4- 

4-4- 

-h-H 




. . ... !.... 




U. pertnnnufi 
2 ! i 4 


■f+ 


++ 

++ 


: ! : 

■f4' I 4-4- 


++ 


+4- 

4-+ 


1''able Anomalous sex reaction obtained when two complements of pedigreed 
monosporidial cultures of Ustilago perennans were paired with, U. nvenae, U. levisy 
and U. horded on plain water agar 


1 4-4- infection hyidiae i)roduced by fused siM)ridia; 4*~ fusions, b!it no inA'Ction hyphac i)r(»duc(‘d; — — no 

fusions] 







Sporidial No. 





Sjwrid- 









riilainydo.spf»re No, 

ial 


(7. perennans o 



V. perennans () 



No. 











« 

2 

3 

4 

1 

2 

3 

4 


1 

44 

4-4- 



_ 

_ 



4-4- 

4-4- 

( 7. avenat 311 

2 

3 





4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

__ 

_ 


4 

-f-l- 

4-4- 


— 

— 


4-4- 

4-4- 


2 

4-4- 

4-H 

— 

— 

— 

— 

4-4- 

4-4- 

U. hvh 77 

3 



4- 

4- 

4- 

4- 

_ 



4 

— 

— 

4- 

4- 

4- 

4- 

— 



1 

-4-4- 

4-4- 

— 

— 

— 


4-4- 

4-4- 

U. tans buff 47 

2 

3 

44 

4-4- 

+ 

4- 

+ 

4- 

■4-H 

4-4- 


4 

— 

— 

4- 

4- 

4- 

4- 

— 

— 


1 

— 

— 

4- 

4- 

-f 

4- 

— 

— 

V. levis buff 

2 

4-4- 

4-4- 

— 

— 

— 

— 

4-4- 

4-h 

3 

•4"i- 

4-4- 

— 

— 

— 

— 

4-4- 

4-4- 


4 

— 

— 

4- 

4- 

4- 

4- 

— 

— 



-h-f 

4-4- 

— • 

>_ 

— 

— 

-h-H 

4-4- 

U. hordei f» 

2 

-f-4- 

4-4- 

— 

— 

— 

— 

4-4- 

+4- 


3 

— 


-f- 

4- 

4- 

4- 

— 

— 


4 



4- 

4- 


4- 

— 
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It seems apparent from the results given above that three tyj)es of re- 
action are manifest when rnonosporidial cultures of UsHlago perennam 
are mated with rnonosporidial lines of certain other IJHtUago spp.: 
(1) Negative reaction, resulting from pairing two (‘ultures of tlie same 
sex; (2) fusion between pairs of sporidia of opposite sex, and the 
subsequent development of infection hyphae; and (8) fusion of sporidia 
of opposite sex, l)ut not followed by the production of infection 
hyf)hao. Although the last two types of reaction result from pairing 
cultures of opposite sex, apparently there also is involved some differ- 
ence in the degree of compatibility between the two sexes. wSirnilar 
differences were noted by Fischer {S) when rnonosporidial (udtures of 
U, striaejormw (Westd.) Niessl. were paired with rnonosporidial 
cultures of IL hullata Berk. Bauch (^) reported much the same 
phenomenon in Sphacelotheca. Hchweinfurihia/ria (v. Thiim.) Sacc., in 
which case intraspecies matings exhibited different types of reaction: 
in one type (‘‘W-Reaktion^O no further development of the fused 
sporidia took place, whereas in the other (^‘S-Reaktion’^) binucleate 
infection hyphae developed from the fused s])oridia in the normal 
manner. 

The basis for this anomalous sexual behavior is very difficult to 
<letermine. Some of the interspc(‘ies sporidia! (‘ombinations were 
more compat ible than others, and furthermore it was always the same 
two cultures in each set of four that were active enough to participate 
in the formation of infection hyphae. Perhaps it is significant that 
in each case the sporidia of the t wo more active cult ures of a comple- 
ment of four were of the same sex, not only with reference to their 
sister cultures but also with reference to the two more active cultures 
of another complement of four. The j)henomenon is made still more' 
complicated by the fact that in intraspe(‘ies matings between cultures 
of UHfUago perennam these com})atibility differences have not been 
observcfl . 

SUMMARY 

I'Htilago arenae and V, perennans, which do not have a known com- 
mon host, were hybridized by inoculating wild oats with compatihle 
morjosporidial combinations of the two species. The wild oats were 
infected, but no infection was obtained from similar inoculations on 
Victory oats and tall oatgrass. Inoculations with U. arenae produced 
infection on Victory oats and wild oats but not on tall oatgrass, 
while U. perennans infected tall oatgrass but not Victory oats or 
wild oats. 

Segregates having a pathogenicity similar to that of the Vstilago 
avenae parent were recovered from the hybrid chlamydospores by 
inoculating Anthony oats, but segregates behaving like the V. peren- 
nans parent were not recovered from similar inoculations on tall 
oatgrass. 

When the sexually opposite rnonosporidial lines of VstUago perennans 
were paired with U. avenae, U, levis, and IJ. hordei, two different 
degrees of compatibility were exhibited, viz, fusion of sporidia fol- 
lowed by the production of infection hyphae and fusion of sporidia 
without the subsequent production of infection hyphae. Infection 
of wild oats was produced by the former type, but not by the latter. 
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RESPONSE OF PHYMATOTRICHUM OMNIVORUM TO 
CERTAIN TRACE ELEMENTS^ 


By Lester M. Blank 2 

Associate patholofjisti Division of Cotton and Other Fiber Crops and Diseases^ 
Bureau of Plant Industry , United States Department of Agriculture 


INTRODUCTION 

The cotton root rot disease, caused by Phyrnatotrlchuin ofnirirorum 
(Shear) Du^gar, is one of the most serious plant diseases occurring 
in the southwestern part of tlie United States. Investigations by 
numerous workers over the last half century suggest that this disease- 
])rodu(‘ing fungus is not amenable to the methods of control commonly 
and successfully applied to other plant pathogens. It is evident that 
a more exact knowledge of the relation of the organism to its environ- 
ment, both biological and cliemical, must be obtained before a satis- 
factory explanation can be had of the many obscure problems dealing 
with the organism and its action upon the host plant. The studies 
here reported constitute one phase of a general investigation of the 
nutritional recpiirements of P, omnivorum and deal primarily with 
the response of the organism to a number of the trace elements, 
including copper, iron, manganese, zinc, aluminum, boron, cadmium, 
cobalt, fluorine, mercury, iodine, litliium, molybdenum, nickel, and 
silicon. While the possibility that certain of these elements may be 
liighly toxic to the root rot organism is a matter of practical interest, 
it is equally important to know the contribution of each of the ele- 
ments to an optimum nutrient solution. Such information may be 
used in connection with the general problem of nutrition and otlier 
l)hysiol ogic al investigations . 

In tin', extensive litcM-ature dealing with cotton root rot and its 
causal organism, little is to be found regarding tlu* effect of thesis 
elements on the fungus. Rog(u*s in laboratory exp(‘rim(uUs 

found that copper had a stimulating (‘fleet at low concentrations but 
was toxic at higher concentrations, zinc stimulated growth at all 
concentrations up to and including 200 p. p. m., while alurninuni and 
mercury were toxic at concentrations above 50 p. p. m. Taubenhaus, 
Ezekiel, and Fudge ( 10 ) reported that the addition of inangan(‘se, 

‘ Received for publication Seplemt)er 1940. Cooperative investipations of the Division of Cotton 
and Other Fiber Crops and Diseases, Bureau of Plant Industry, IJ. S. I^epartinent of Apriculture, and Uie 
Texas Aprlcultural Experiment Station, Technical Series No. 599, Texas Agricultural Experiment Station. 

* Orateful acknowledgment is made to U. I>. Barker, O. A. Pope, Paul L. Guest, and Harry F, Goodloe. 
of the Division of Cotton and Other Fiber Crops ami Diseases, Bureau of Plant Industry, and to A. E. 
Brandt, of the Soil Conservation Service, C. S. Department of Agriculture, for valuable assistanc'C in this 
study; to Dr. Barker for helpful suggestions in planning the work and evaluating the results; to Mr. Guest 
and Mr. Goodloe for assistance with the details of the experiments, and to Dr. Pofie and Dr. Brandt for 
suggestions in connection with the design of the experiments and the handling of the data. 

3 Italic numbers in parentheses refer to Literature Cited, p. 169. 
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sulfur, iodine, iron, nickel, copper, and boron to soils was without 
effect on the incidence or severity of root rot. 

The investigations of Steinberg ( 7 , 8 , 9 ) with Asjyergilhis niger Van 
Tiegh. have furnished considerabh*. information on the influence of 
many of the elements upon that fungus. With the refinement by 
Steinberg of the technique for the removal of traces of impurities from 
th(^ nutricuit solution it has become possible to study more precisely 
tile effect of the addition of the various elements upon fungus growth. 
Fost.(>r {Jf) has recently reviewed the literature dealing with tin*, effects 
of heavy metals or trace elements on various fungi. 


MATERIALS AND METHODS 


Pr(>liminary experiments demonstrated that the nutricuit solution 
designated as No. 70 by Ezekicd, Taubenhaus, and Fudg(> { 2 ) was very 
favoj’able for growth of the root rot fungus, and with but slight 
modification it has been us(h 1 in these studies, as follows: 


Constituent; 

NH4NO3.... 

K2HPO4 

MKSO4.7H2O 

KOI 

FCCI3.6H2O 

Glucose - - 

Redistilled water to make to 1,000 cc. 


Gra rns per titer 

1. 00 
. 1 . 35 

. 75 
. . 15 

. 00223 
40 . 0 


The following salts were used in studying the various trace elements: 
Copper sulfate (CUSO4), iron sulfate (F(^S04.7ll20), manganest^ 
sulfate (MnS04.4H20), zinc sulfate (ZnS04.7H2()), aluminum sulfate 
(Al2(S04)3), potassium borate (K2B407.r)H20), cobalt sulfate 
(C0SO4.7H2O), potassium fluoride (KF.2H2O), mercuric chloride 
(HgCb), potassium iodide (KI), lithium sulfate (Li2S04.H2()), am- 
monium molybdate ((NH4)eMo7024.4H20), nickel sulfate (NiS()4.- 
6H2O), sodium silicate (Na2Si03.9H20), and cadmium sulfate (CdS()4). 

In order to evaluate the effect of the addition of each of thes(^ 
elements to the nutrient solution, it was necessary to removes so far 
as possible, all traces of these elements that might have been intro- 
duced into the solution as impurities in the c. p. grade of chemicals 
used in the preparation of the solution. For such purification, 
calcium carbonate was added to the solution at the rate of 15 gm. p(T 
liter, followed by autoclaving and filtering through fritted glass 
crucibles, aft(»r the method of Steinlx^rg ( 7 ). To the filtered aliquots 
of the purified solution the elements were added, and the solution was 
then divided into 50 -cc. portions in 250 -cc. Erlenmeyer flasks and 
autoclaved at 15 pounds pressure for 15 minutes. The treatments 
were ordinarily sot up in series of five flasks. 

The flasks of nutrient solution were inoculated with 5 -mm. disks of 
mycelium and adhering agar from potato-dextrose agar plate cultures 
of the organism. The dry weight of the inoculum piece was usually 
less than 5 mg., varying with the depth of the agar in the transfer plate. 
In the preliminary phases of the study a pure culture of Phyrnato- 
trkhurn. omnivorum designated as isolate 41 was used, but in the later 
and more extensive (experiments a newly isolated culture designated 
as isolate 28 was the source of the inoculum. Both cultures were of 
proved pathogenicity upon cotton seedlings. 
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The inciiliatioiv of all cultun^s was at 28° C. in incubators or in a 
constant-tomperatnre room, the period of incubation being 28 days in 
the majority of the expi'riments. Th(‘ acidity of the solution in the 
culture flasks was deti^rmincal with a Beckmann pH meter prior to 
inoculation and in many of the experiments at time of harv(‘st. The 
fungus mats wer(‘. harvested by filtering tlirougli Alundum crucibh's 
and drying to constant weight at 80° C., either in crucibles or in 
weighing bottles. Tlu' dry weight of the fungus mat was the criterion 
of r('sy>onse to the addition of tin* various elements. 

RESULTS 

EFFECT OF ADDING ELEMENTS SINGLY 

The (‘fl'(‘ct of adding cc'rtain (dements (copp(‘r, iron, mangan(*s(‘, and 
zinc) to the purified nutricnit solution was studi(‘d in a seri(*s of (‘xperi- 
nunits, the range of concentrations being from 0.5 to 100 p. p. m. In 
tin* upper portion of table 1 are presented tin* data from one typi(‘al 
(*xp(*rim(*nt in tin* lowtT range of concentrations. With tin* addition 
of iron, mangatn*s(‘, or zinc, incrvases in mat weiglit wen* obtained 
over that of the control solution to which no (‘lenn*nt was added. Tln^ 
addition of copp(»r at tin* rates of from 0.5 to 10 p. p. m. had no apjin*- 
ciabh* (*frect njxm the mat weiglit; at a concentration of 20 p. p. rn. 
growth was almost complet(*ly inhibited. 

Other experiments were conducted in which the addition of each ot 
these elements to the [inrified solution was studied at higher rates. 
The addition of copper at 40, 80, or 100 p. ]). m. completely inhibited 
growth of the organism. Iron or manganese at these rates resulted 
in decreases in the amount of mat weight as the concentration in- 
creased, eventually yhdding less than the control series. With the 
addition of zinc at similar rates, decreases resulted at the higher 
concentrations, but the weights were superior to those of the control 
flasks. It was noted that at concentratimis beyond 20 p. p. m. a 
precipitate was formed in the nutrient-solution flasks following auto- 
claving, and it is probable that with this slightly acid nutrient soluticm 
only a part of the addition was held in solution. Therefore, with the 
heavy rates of addition the amount of the element remaining in 
solution is not known. 

The determinations of j)H values of the solutions jirior to inocula- 
tion showed that the nraction of those solutions receiving zinc or 
manganese deviated only slightly from that of the solution (table 1) 
to which no metals were aihled. The addition of iron or copper re- 
sulted in a slightly more acid condition. The final pH values of each 
flask at time of harvest showed a general trend toward increased 
acidity. In this experiment as well as in others, no relationship was 
found between the initial pH value of the solution and the mat weight. 
The possibility of su(*h a relation in solutions having a greater initial 
range of pH values is not excluded, but with the nutrient solution 
used and an initial pH value of from 5.5 to 6.5 following the addition 
of the several elements, the efl'ect of slight variation in the initial pH 
value upon subsequent growth has been greatly overshadowed by the 
effect of the element or combination of elements employed in the solu- 
tion. It has been reported by other workers with this organism and 
with practically the same nutrient solution {2) that Phyniatotrichum 
omnivorujn will grow in solutions of widely varying hydrogen-ion 
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coiiceiitratioii, and that, although tlie optimum pll value for growth 
appeared to be on the alkaline side of neutrality, growth was almost 
c(|ually good over a range of approximately pH 4.0 to 9.0. In the 
present study no attempt was made to adjust the pH value of the 
nutrient solution. 


Tablk I. Effect of adding certain elemeniH, singly and at several rates ^ to a purified 
solution on thr grov ih of Ehymatolrichum omnivor uni at 28° ( \ for 28 days 
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A/t7. 

Mq. 

.Mr/. 


Mg. 


0. Ti 

02 

,5. 70 

.5.83 

5. 00 

5. 70 

10(5. 7 

1.30. 8 

1,50. 7 

100. (5 

1,50.0 


1.0 

r,. ^8 

.•). .'■)3 

5. .57 

5. 72 

0. 02 

10,5.7 

100.4 

1(58. 0 

120. 7 

171. 7 

Oopper 

2.0 

.5. 83 

.'•>. 0,'i 

.5. 71 

5. .50 

5. 00 

107.3 

107.2 

00. 5 

113. 1 

142.0 


.'i.O 

r>. 83 

5. 02 

5. 55 

5. .55 

5. .58 

103.2 

18,5. 2 

170. 1 

120.2 

108.7 


10. 0 

.*1.80 

5.01 

.5. 37 

5. 40 

,5. 45 

170.0 

140.4 

1,58.3 

141.0 

1,57.2 


20.0 

O.'i 

4. 03 

4. 45 

4. 42 

4. 42 

30. 2 

41. 1 

40.2 

4,5. 0 

40. (5 


.f) 

0. 04 

5. 00 

5. 70 

.5. 84 

5. (57 

274. 0 

220.7 

272. 8 

241.7 

2,54. (5 


J.O 

0. 01 

5. 03 

,5.84 

,5.80 

,5. 72 

2(M). 3 

218. 0 

220.0 

243. 0 

235. 3 

I ron - 

2. 0 

W) 

5. 34 

5. 02 

5.00 

,5. ,57 

304.0 

220.0 

327. 4 

202.7 

200. 2 


.M) 

.•>. 04 

5. 40 

5. 40 

5. .50 

,5. .50 

224.0 

205. 0 

23,5. 0 

240. 0 

242. 7 


10. 0 

03 

5. 40 

5. 34 

5. 10 

5. 23 

24,5.4 

220. 7 

1,50. (5 

180.0 

201.0 


20.0 

fl.OO 

5. 51 

5. .55 

.5. 00 

4.02 

18(5.8 

18(5. 5 

100. 5 

177.2 

180. 8 


.f. 

0. 10 

5.28 

5. 40 

,5.01 

5. 48 

I 205.0 

255. J 

280. 4 

271.0 

208, 2 


1.0 

(>. 13 

5. :«) 

5, 47 

,5. .50 

5. .54 

2.50.0 

240.8 

247. 3 

240. 4 

248. 4 

Manguries*'. 

2. 0 

0. 10 

5.58 

.5. 51 

5. .50 

5. 00 

104.5 

180. (5 

214. 2 

177.8 

103. 3 


f). 0 

0. 17 

5. 52 

5. 50 

5.30 

[ ,5.51 

j KM). 4 

232. 1 

170.0 

120. 0 

172.5 


10.0 

0. 20 

5. <54 

5. 3(5 

I .5. .50 

,5.34 

172.3 

108. 8 

2,52. 0 

174.7 

100. ,5 


20.0 

0. 13 

5. 20 

5. 27 

5.44 

,5.33 

2,52.4 

231.0 

i 2.30.4 

251.0 

241.0 


.Ti 

0. 14 

5. (Ml 

0. 21 

(5.48 

4.2(5 

345. 1 

31,5. 1 

371.3 

4(H5. 0 

3,50. 0 


1.0 

0. 20 

4. 40 

5. 01 

4.02 

4. (55 

403.7 

305. 1 

305. I 

3,55. 4 

357. 3 

Zinc 

2.0 

0. 20 

5. 10 

5. .50 

5. <K) 


373. 0 

311. J 

313.7 

,347. 5 

330. (5 


.•j. 0 

0. 18 

5. 40 

.5. ,50 

5. 43 

(5. 18 

332. 7 

302. 4 

3(H). 0 

208.7 

,308. 7 


10. 0 

0. 12 

.5. 70 

5. 80 

5. 73 

5. 32 

300. 7 

313. 0 

303. 5 

208. 7 

310.2 


20. 0 

0. 05 

0. 10 

5.03 

0. 00 

0.00 

2,58. 3 

3,57. I 

3(H5. I 

283. 7 

301.3 

N one 


0. 00 

5.41 

,5.41 

.5. 40 

1 

5. 38 

107. 0 

134.3 1 

170.7 

100.8 

1(52.8 
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1 a 

1) 

e 

d 
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J^.p.m. 

Mg. 

Mg, 

Mg, 

Mg. 

Mg, 

Mg. 


1 

208. 0 

140. 0 

17:1.0 

108. 5 

1,58.8 

17,5.8 

A him inline 

10 

i;40. 7 

85. 7 

82.8 

120. 5 

1(H>. 5 

10,5. 2 


20 

124. 1 

100. 3 

73. 5 

1.3;i.8 

81.3 

103. 8 


40 

88.3 

72.7 

03. 0 

80.2 

00. 0 

73. 1 


1 

200. 7 

21.3. 0 

1,34. 0 

190.4 

1,50.9 

192.3 

radmiuiTi _ 

10 

00. 3 

KMl. 4 

00.4 

100. 0 

124.7 

119.3 


20 

,5:1.7 

(50. 1 

77. 0 

,50. 1 

OtJ. 0 

04. 5 


40 

:iH. I 

,52. 0 

45. 0 

41.0 

49. 3 

4,5. 3 


1 

201.5 

17,5.8 

178. 0 

174.4 

177.2 

181. 5 

f’obnlt 

10 

25. 0 

25, .3 

24.5 

22. 1 

(') 

24.5 


20 

1,5.2 

7.5 

1,5. 0 

14.0 

10.8 

12. 0 


40 

11.7 

11. 1 

10.0 

10. 7 

8.4 

10. 0 


1 

117.2 

1.52.4 

100.3 

100. 1 

127. 0 

144.8 

Nickel. 

10 

37.1 

:i3.3 

80.8 

11,5. 9 

10. 5 

,50. 1 


20 

7.4 

6.8 

0. 1 

7.0 

0. 0 

7.4 


40 

0.4 

0. 1 

0. 0 

0.0 

4. 0 

,5.9 


1 

103.5 

1,52. 2 

108. 5 

107. 0 

144. 0 

1,59. 3 

(\)I>per 

10 

108.3 

99. 1 

131.0 

112.0 

130.0 

13,5.0 


20 

27.0 

0.0 

1,3. 2 

12.5 

10. 1 

14.5 


40 

4.0 

2. 1 

,5.2 

4.4 

0 ) 

:i.9 


1 

470. 2 

,504.4 

,522. 3 

580.3 

408.7 

512. 2 

Zinc 

10 

,502.8 

,503.0 

.5,5,5. 8 

,531.0 

5,50. 0 

540.8 


20 

522.7 

,532. I 

577. 2 

,509. 9 

555. 9 

551.0 


40 

492.3 

,541.9 

408.3 

,5,30. 8 

526.0 

517.9 

None 


191.2 

120. 5 

130. 3 

1,57. 1 

181. 5 

157.9 


C\>ntaniinat(>d and dlseardc'd. 
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The studies dealing with tlie effects of copper, iron, manganese, and 
zinc upon the growtli of Phymatotrichum omnmrry rn were extemfed to 
include the effects of aluminum, boron, cobalt, cadmium, fluorine, 
iodine, lithium, menMiry, molybdenum, nickel, and silicon. To the 
staTidard nutrient solution, purified by the calcium carbonate treat- 
ment, these elements were added to give concentrations of 1 , 4, 10, and 
20 p. p. m. The addition of these elements singly at these rates failed 
to give significant increases in mat weight. Definite inhibition of 

growth to various degrees occurred with the addition of cobalt at 

4, 10, and 20 p. p. m., and with nickel at 10 and 20 p. p. m.; aluminum 
and cadmium show ed only a mild inhibition at 4, 10, and 20 p. p. m. 
The remaining elements appeared to exert sliglit, if any, influence upon 
grow^th of the organism. 

To study further and in more detail the action of certain of the 
(4ements, au experiment was conducted with the purified solution in 
wdiich the addition of cobalt, nickel, aluminum, or cadmium was 
compared wdth the addition of copper or zinc. The rates of addition 
were at 1, 10, 20, and 40 p. p. m. The results are summarized in 

the lower jiortion of table 1, As usual, copper almost completely 

inhibited growth at 20 p. p. m., while zinc at all concentrations 
(*aused a great increase in mat w^eight. Both cobalt and nickel 
were highly toxic to the organism at the two higlier concentrations, 
and a marked depression of grow th was displayed at the concentration 
of 10 p. p. m. As in earlier ex])eriments aluminum and cadmium 
caused a mild depression of growdh at the higher range of (‘oncentra- 
tions. No significant increases in mat weight oc(*urred, except with 
th(‘ addition of zinc. 

EFFECT OF ADDING ELEMENTS IN COMBINATION 

The effeid of adding copper, iron, manganese, and zinc was studied 
in exjieriments where all were added to the purified solution or to the 
unpurified solution, the majority of the experiments being conducted 
upon the purified solution. The rates of addition ranged from less 
than 1 p. p. m. to 40 p. p. m. of each element. The lower rates of 
addition w^ere based upon certain concentrations used by Steinberg 
(7) in studies with Asperyillus niger; that is, copper at 0.12, iron at 
0.40, manganese at 0.00, and zinc at 0.28 p. p. m. While increases in 
mat weight over those obtained in the controls were had by the addi- 
tion of these elements to the purified solution at these rates, or even 
at lesser concentrations, it was found that by increasing the rate of 
addition better growth resulted, as indicated in table 2. Kventually 
all of these elements were studied in combination at the same rates 
of addition; that is, at 2, 5, 10, or 20 p. p. m. of each. It was demon- 
strated that the fungus responded almost ecpially well in the purified 
solution to additions of the elements over a range of from less than 1 
p. p. m. to 10 p. p. in. The residts indicate that, for the raiige of 
(‘on centra tions used in these experiments, Phyniatotrichum omnworurn 
does not have a sharply defined optimum requirement as concerns 
these elements. W^ith the elements added at the rate of 20 or more 
p. p. m. growdh was depressed directly as the concentration of the 
elements was increased. It is apparent that when all four elements 
were present in the solution at 20 p. p. m. of each, the toxic effect of 
copper (table 1 ) was largely overcome by the other elements, but at 
concentrations of 40 p, p. in., almost complete failure of growth occurred. 
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Table 2.— 'Summary of experiments on the effect of adding coppery iroriy manganese 
and zincy at various concentrations y upon the growth of Phyrnatotrichum omni^ 
voruni in purified solutiotiy incubated at 28^ C. for 28 days 



1 

Hak' of addition of— 


Flask. s 

Mean 
weijjht of 
mats 

1 Control (no ele- 
1 ment added) 

Exporiments (iiuni- 
b(‘r) 

Cn 
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Mn 

Zn 
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Mean 
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. 

0. 12 

0. 40 
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0.28 

27 

cm . 0 

29 
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4 

.48 

1.00 

.24 
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24 

647.2 

23 

155. 9 

9. 

2.0 

2.0 

2.0 

2.0 

43 

709.7 

41 

104. 0 

H 

.•i. 0 

5. 0 

A 0 

A 0 

37 

716.3 

30 

171.2 

i 

10. 0 

10. 0 

10. 0 

10. 0 

18 

(?61..'> 

18 

173.7 

2 

20. 0 

20.0 

20. 0 

20.0 

7 

4f»r). 9 

8 

172.3 

2 

40. 0 

40. 0 

40. 0 

40. 0 

8 

15. b 

8 

172.3 


Several experiments were conducted in which the four elements in 
combination were added to thej[nutrient solution which had not been 
purified by the calcium carbonate treatment, the range of addition 
being from less than 1 p. p. m. to 10 p. p. m. of eacli element. 
Although increases in mat weight over those obtained in the control 
flasks resulted from the addition of the elements, the increases were 
not so great as had occurred with a similar addition to the purified 
solution. For example, the addition of elements to the unpurified 
solution yielded mats of 500 mg. or less, whereas a similar addition to 
the purified solution gave mats weigh mg 600 to 700 mg. As was to 
be expected, the controls with the unpurified solution consistently 
.yielded heavier mats than did the controls with the purified solution, 
indicia, ting the efficiency of the calcium carbonate treatment in the 
removal of traces of these elements. 

It should be obs(‘rved that in none of the experiments with the 
purified solution were the mean weights of the controls as low^ as thos(> 
reported by Steinberg in his studies with As2)ergillu8. Inasmuch as 
Pkymatoirichum omnivorum does not produce a gcu’minable conidial 
spore, the inoculum used in the present studies consisted of disks of 
m.ycelium and adhering agar from agar })late cultures of the organism. 
Such inoculum, usually 3 to 5 mg. in dry weight, undoubtedly carried 
traces of the essential elements in the mycelium or in the agar, thus 
accounting in part for the considerable growth that occ lined in the 
control flasks. 

FACTORIAL-DESIGN EXPERIMENTS 
Method of Studying Interactions 

In the discussion of the preceding experiments, it was pointed out 
that, where copper, iron, manganese, and zinc had been added singly 
to the purified solution, zinc roughly doubled, or more than doubled, 
the mat weight over that of the control, whereas iron and manganese 
gave smaller increases, the weights being intermediate between those 
of zinc and the controls (table 1). Copper gave no consistent 
increases, although in certain cases it appeared to be slightly bene- 
ficial. However, when these elements were used in combination, 
that is, when all four were present at various levels ranging from less 
than 1 p. p. m. to 10 p. p. m., the mat weights obtained were approxi- 
mately four times as great as the controls, indicating the possibility 
of important interactions. It was therefore deemed advisable to 
conduct a series of experiments designed to permit a study of these 
interactions. 
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Factorial experiments, initiated by Fisher (3), developed by Yates 
(11), and presented in systematic form by Brandt (1), are particularly 
suitable for studies of the type mentioned in the preceding para- 
graph. The essential principles of this type of experiment rcHjuire 
that the factors being investigated, in this case copper, iron, manga- 
nese, and zinc, be set up in all possible combinations at the given 
hovels of the experiment. In these experiments with 4 elements, 16 
combinations or treatments are possible^, in whic*h one or more of the 
elements are present or absent, at a given rate. In the analysis of 
such an experiment, all combinations of factors could be restratified 
for studying all combinations and interactions. Exp(‘rim(*nts of this 
type were conducted, the elements being added at the rate of 2, 5, or 
10 p. ]>. m. Throughout the course of these studies precautions W(‘r(‘ 
takcui to make the scweral experiments as muirly comparable as 
possible'. The nutrie'ut solution was prepare'd from stock solutions 
of the various salts; the purification teedinique was standard in all; 
tb(‘ ehunents we're adelcd at the pre)pe'r amounts to give the desireel 
cone*entration; an el the inoculum anel incubation tempe'ratures were 
as uniform as possible from expe'riment to experiment. The various 
tre'atmemts, or combinations of elements, were prepared on the' basis 
of five replicates for a given combination, but losses through ce)ntami' 
nation or other cause's se)nietimes reduceel the number to four by time' 
e)f harvest. The* repli elates of a give'ii e'om bination we're assignee! 
numbers at ranelom, and were randomized in tlu'ir location in trlie 
incid)ation erliamber. Hence, in analyzing the results of an experi- 
me'iit, no degrees of freeelom were lost for stratifie*ation of replicates. 

Effect of Addino Four Elements Sincjly and tn Combination 

Of a number of such experiments in factorial design, three have 
been selee'teel as typical of the results obtained at the rates of 2, 5, 
and 10 p. p. m. respectively. Experiment 91, at 5 p. p. m., was based 
uj)on four replicates of each treatment, while experiments 108 and 
127, at 10 and 2 p. p. in. respectively, were based u])on five replicates 
of each treatment or combination. The incubation period of experi- 
ment 127 was 21 days, while that of the others w^as, as usual, 28 days. 

Separate analyses were made of each experiment. The three experi- 
inents were also brought together into a combined analysis, and tills 
is presented along with the separate analyses in tables 3 and 4. The 
effects of rates of addition of copper, iron, manganese, and zinc, and 
the interactions involving rates, could be determined only from such 
a combined analysis. In discussing the results of the three ex])eri- 
ments and their separate and combined analyses, the several sources 
of variance will be dealt with in tlie order of their appearance in 
tables 3 and 4. 

Rates , — It will be noted from the mean square, as well as from the 
mean mat weights, that the difference between the average mat weight 
at 2p. p. m. and at 10 p. p. m. (Ri) is enormous. As mentioned above 
the harvest for the experiment at 2 p. p. m. (experiment 127) was at, 
21 days instead of 28 days as in the experiments at 5 and 10 p. p. ni. 
This would account for the consistently lower mat weights obtained 
at the 2-p. p. m. rate of addition. On the other hand, K 2 , the mean 
value for rates at 2 and 10 p. p. m., compared with that at 5 p. p. m. 
does not give significant differences. It sliould also be borne in mind 
that since these were separate experiments, rates may be confounded 



136 


Journal of Agricultural Research 


Vol. 62, N(». 3 


witJi such factors as failure to maintain absolutely identical tem- 
peratures, differences in vigor of the inoculum, or other factors that 
are beyond the operator’s control. The mean weight at 5 p. p. m. 
is lower than the value obtained at 10 p. p. m., despite the fact that 
copper at 10 p. p. m. was somewhat detrimental. In previous expeii- 
ments it was shown that optimum growth (table 2) 0 (*curred at 2 
and 5 p. p. m., with little distinction between these rates, and that 
growth at 10 p. p. in. was only slightly less than that at 2 and 5 p. p. m. 

Tahi E 3. Mean values for the effect of copper^ iron, manganese, and zinc on growth 
of Phymatotrichum omnivorum {experiments 127, 1)1, and 108) at rales of 2, 5, 
and 10 p. p. m. respectively, in purified solutions 


Mean iniit wfiKht Jif < - 


(^)ntribut(»r 


CuXFVXMnXZn (X 
Cii abs(‘iit: 
h\' abs<‘nt; 

Mn abscMit: 

Zn abspiif 

Zn i>n*s(’nt. 

Mn pri'sont; 

Zn absent --- . . . ! 

Zn pri sont ; 

F(? present: j 

Mn absent: j 

Zn abst'iit . < 

Zn present - . 

Mn present; 

Zn at)sent 

Zn present . 

Cu present: 

Fe absent: 

Mn absent; 

Zn absi'nt .... 

Zn |)res((nt 

Mn present: 

Zn absent 

Zn pres(‘i.it 

Fe present: 

Mn absent: 

Zn absent 

Zn present 

Mn present: 

Zn absent 

Zn j>resent 

Hates 

(^iiXFeXMn (X rates): 

Cu absent: 

Fe absent: 

Mn absent 

Mn present . . 

Fe present: 

Mn absent . .. 

Mn present . 

Cu i)rcsent: 

Fe absent: 

Mn absent 

M n present 

Fo present: 

Mn absent , 

Mn present 

CuXFeXZn (X rates): 

Cu absent. 

F(‘ absent: 

Zn absent 

Zn present . 

Fe present: 

Zn absent - 

Zn present 

Cu present: 

Fe abs<*nt: 

Zn absent 

Zn present . . 

Fe present: 

Zn absent 

Zn present. . 

* For convenience, means in this table are ftiven as nearest whole 
gram w'ero recorded and used in the analysis of results. 


p. p. ni. 

5 p. p. m. 

10 p. p. m. 

Combined 

A/t/. 

M(J. 

A/r/. 

Mu. 

KK 

157 

134 

124 

120 

321 

422 

288 

116 

185 

282 

195 

ir.;i 

381 

489 

338 

116 

197 

416 

246 

r>m 

518 

7)89 

543 

If).') 

227 

247 

208 

.*>22 

757) 

788 

684 

l»7 

212 

184 

161 

IM 

339 

483 

324 

lOH 

242 

240 

193 

204 

453 

528 

391 

120 

243 

196 

185 

.’WiO 

552 

699 

(;o7 

140 

261 

191 

193 


645 

758 i 

655 

2.14 

355 

415 

1 


107 

239 

278 

2(M) 

1.34 

283 

386 

2fM) 

316 

37»8 

7)03 

395 

33S 

191 

518 

446 

J26 

275 

334 

243 

156 

347 

384 

292 

344 

398 

447 

396 

340 

453 

475 

424 

102 

171 

208 

159 

130 

351 

456 

313 

135 

212 

332 

227 

510 

637 

089 

013 

103 

227 

212 

177 

179 

396 

5(H) 

358 

134 

2.52 

194 

189 

559 

599 

729 

031 

*, milligram, although tenths of a millii- 



Feb. 1 , 1941 Response o f F, omnivorum to Certain Trace Elerne/nts 

137 

Table 3. Mean valuer for the effect of copper ^ iron, manganese, and zinc on growth 

ftf I^hymatotrichuni omnivorum {experiments 127^ .9/, and lOH) 
and 10 p. p. m. respectively^ in purified solutions — Continued 

at rates of 2, .5, 

('onfriliutor 


Mt>an mat 

1 

weight at - 

- 

CuXMnXZn (X rub's): 

('«j iib.sent: 

2 p. [>. 111. 

5 p.p. in. 

1 10 p. p. in. 

('ornbint‘(l 

Mn iib.senf : 

Mg. 

Mg. 

i Mg. 

Mg. 

Zri ab.s(‘n(, 

102 

177 

! 275 

185 

Zri pre.senf . . 

Mil pn'St'iit; 

321 

420 

5(H) 

415 

Zn absent 

13.') 

200 

205 

202 

Zn presi'iit 
(’ll iiresent; 

Mil ttbs<*nt: 

337 

.508 

039 

511 

Zn absent 

1 113 

227 

190 

173 

Zn pre.sent 
.M 11 present ; 

j 3.'-)7 

440. 

.591 

400 

Zn absent 

i 124 

251 

! 210 

193 

Zn present 

FeXMllXZn (X rates): 

Ke absent: 

Mil atisent: 

1 381 

i 

.M9 

043 

52.3 

Zn abst'iit 

1 93 

184 

1.59 

142 

Zn iiresent 

Mn present: 

140 

330 

4.53 

300 

Zn absent 

112 

213 

i 201 

194 

Zn present 

F(‘ present : 

Mn atisent : 

178 

417 

509 

304 

Zn absent 

1 y* ? 

220 

1 3(H) 

210 

Zn present 

Mn present: 

rm 

.535 

; (M4 

675 

Zn absent 

147 

244 

219 

201 

Zn Iiresent 
t'liXFe (X rates): 

('li absent; 

.MO 

7tK) 

773 

009 

Fe absent 

121 

201 

332 

230 

Fe present 
('n present: 

327 

424 

510 

420 

F(* atisent 

141 

311 

3.59 

207 

F(‘ present 
(biXMii <X rates): 

(’ll alisent : 

347 

425 

401 

410 

M n absent 

211 

299 

390 

3(HI 

Mn pre.sent 
('ll present: 

230 

387 

4.52 

3.50 

M n absent 

23.') 

1 330 

390 i 

319 

M n present 
(' 11 X Zn (X rates): 

('ll absent: 

i 2.')3 

! 4(H) 

429 ! 

358 

Zn absent 

119 I 

191 

270 

193 

Zn present j 

('n pre.sent; I 

1 ! 

I 1 

494 

1 

.572 

403 

Zn ab.sent . . . i 

119 1 

239 

203 

1.S3 

Zn present ! 

FeX M 11 (X rates); 

Fe absent: i 

,309 1 

497 ! 

i 

1 

017 

494 

Mn absi'iit 

110 1 

257 

;i(M) 

224 

M n present 

Fe present: | 

14.^ 1 

1 

315 

38.5 

279 

M 11 absent . . i 

330 ' 

378 

475 

395 

Mn present ; 

FeXZu (X rates): ! 

Fe absent: 

344 ; 

472 I 

490 

435 

Zn absent 

102 

199 

210 

108 

Zn Iiresent . 

Fe present: 

l.’)9 

373 

481 

335 

Zn absent . 

13.'i 

232 

203 

208 

, Zn present- . . 

MnXZn (X rates): 

Mn absent; 

539 

018 

709 

022 

Zn absent . 

107 

202 

2:13 

179 

Zn present __ 

Mn present: 

339 

433 

548 

441 

Zn absent . 

130 

229 

240 

197 

Zn present ... 

< u (X rates); 

359 

558 

M\ 

517 

On absent . . 

224 

343 

421 

328 

Cu presi'nt _ . ... . 

I'e (X rates); 

244 

308 

41(1 

339 

Fe absent , 

131 

280 

345 

252 

Fe present.. 

ru>77.'U -41 2 

337 

42.5 

480 

415 
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Table 3. — Mean values for the effect of copper, iron, manganese, and zinc on growth 
of Phymatotrichiini omnivorum {experiments 127, 91, and 108) at rates of 2, 5, 
and 10 p. p. ni. respectively, i7i purified Continued 


(\)Utribulor 

Mean mat weight at™ 


2 p. p. m. 

6 p. p, m. 

10 p. p. m. 

Combined 

M n ( X rates) : 

Mg. 

Mg. 

Mg. 

Mg. 

Mn absent . - - - 

223 

317 

390 

310 

Mn pre.sent . . 

Zn ( X rates) : 

244 1 

394 

441 

3.67 

Zn absent 

119 

216 

236 

188 

Zn present . . 

349 1 

496 

.')96 

479 


Table 4. — Analysis of variance for effects of copper, iron, manganese, and zinc on 
growth of Phymatotrichum omnivorum in experhnents 127, 91, and 108, at rates 
of 2, 5, and 10 p. p. m. respectively 



2 

p. p. m. 

6 p. ]). m. 

10 p. p. m. 

Com 

TT 

















D, F 

Mean 

1). ¥ 

Mean 

D. F 

Mean 

T). F. 



square > 


square ' 


square ■ 


Kates: 2 








Ki... 







1 

Ks,. 







1 

Cu-- 

1 

*7, 9.60 

1 

10, 499 

1 

2, 5f« 

1 

HiX(^u 







1 

RsXCii 







1 

Fe... . 

1 

*849, 163 

1 

*307, 706 

1 

*.394, 736 

1 

KiXFe 







1 

RjXFe-. 







1 

Mn... 

1 

*9,008 

1 

*92, 576 

1 

*,60, 306 

1 

HtXMu . 








KaXMn.. 







1 

Zn.. . 

1 

•1, 064, 334 

1 

*1,256,053 

1 

*2, ,667, 399 

1 

KiXZn 







1 

R 2 XZn... 







1 

(’iiXFe. 

1 

5 

1 

9, 764 

1 

*28,861 

I 

KiXCuXFo 







1 

KsXCuXFe 







I 

CuXMn 

1 

264 

J 

2 ; 349 

1 

2, 673 

1 

RiXCuXMn 







1 

RaXCuXMii , . 







1 

CuXZn. 

1 

*7, 962 

] 

7 , 867 

1 

*62, 658 

j 

RiXCuXZn 



1 

KaXCuXZn 







j 

FeXMn 

. i 

T,1.30 

1 

5,262 

1 

16, 574 


RiXFeXMn 







1 

R2XFeXMn 







1 

FeXZn 

1 

'*003, 208 

1 

*178,686 

i 

*163, 186 

1 

RiXFeXZn 







1 

K 2 X FeXZn... 







1 

MnXZn 

T 


T 

to 

1 

*36, 146 

1 

KiXMnXZn 







1 

R2XMnxZn 







1 

(''uXFeXMn. 

r 

527 

1 

11,265 

. . 

6, 151 

1 

RiXCuXFeXMn 







J 

H 2 XCuXFeXMn... 







1 

CuXFeXZn.. .. 

1 

' 7 ' 

1 

4, 461 

T 

21, 783 

1 

KtXCuXFeXZn 







1 

K2XCuXFeXZn 







1 

CuXMnxZn , 

1 

1,180* 

1 

1,617 

1 

17, 173 

1 

KiXCuXMnXZn 







1 

R2XCuxMnxZn 







1 

FeXMnXZn 

i' 

2, 148 

...... 

6,854 

1 

*86, 284 

1 

RtXFeXMnXZn 







J 

R 2 XFeXMnXZn.. 

..... 






1 

CuXFeXMnXZn 


123 

..... 

8,600 


•43, 866 

1 

RiXCuXFeXMnxZn. _ 







1 

R 2 XCuXFeXMnxZn . . 







1 

Error 

'“m 

804 

48 

1,897 

64 

8, 202 

176 

Total 

79 

32, 893 

63 

32,286 

79 

46, 774 

223 

Mean square required 








for significance: 








Odds 99 : 1 


5,696 


13, 713 


22,669 


Odds 19 : 1 


,3,218 


7,701 


12, 808 




M ean 
s(iiiare ' 


*1, 319, 397 
*43, 390 
G. 108 
9, 688 
fi, 166 
*1,494,930 
*42, 988 
*13. 676 
*124, 887 

8. 369 
*18, 633 

*4, 722, 6.30 
*162,818 

2, 338 
*24, 230 
*14,061 

:«9 
4, 346 
694 
246 
*24, 192 

12. 974 
*41, 310 

3, 394 

4, 624 
*16,048 

*853, 768 
•74, 218 
7, 094 
•46, 983 
•19,068 

9, 699 

6.66 

.5, 139 
12, 248 
2, 930 
10, 504 
12,807 
6. 285 
•13, 679 
7 

*36, 903 
*67,828 
.654 
*32,890 
•19, 674 
25 

1.974 

43, 466 


13, 344 
7,679 


1 Asterisk (*) indicates that contributor is highly significant (odds 99 : 1). Calculations for determining 
signiflcanoe were based on F values and t values taken from Snedecor’s table (tf). 

* Ki represents comparison of rates at 2 p. p. m. and 10 p. p. in.; Ra represents mean value for rates at 2 
and 10 p. p. m. as compared with 5 p. p. m. 
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Copper. — Th(» presence of copper gave no highly significant increase 
over the values obtaiiu^d in its absence c'xcept at 2 p. p. m., where 
the F value slightly exceeded th(^ requirement for high significanc(‘. 

Iron . — The presence of iron more than doubled tlK'. mat weight 
secured in the cultures from which iron was absent at 2 p. p. m., and 
was roughly one-half greater at both 5 and 10 p. p. in. Tin* dif- 
ference, of course, is highly significant at all rates. 

Manganese . — The presence of manganes(‘- also gave a significant 
increase over the results obtained in its absence at all rates. The 
percentage of increase however, was relatively much smaller than 
that for iron. 

Zinc . — At all ratios the presence of zinc resulti'd in mat widghts that 
(‘xceeded by at h‘ast 100 piTtMMit those* obtained in the absenc(> of zinc. 

Interactions . — It is (‘xccieHlingly difficult to visualize int(‘ractions. 
Hence it seems desirable* te) supple*ment the tabular data with the* 
scheme shown in figure 1 fe)r pre^senting graphically the* re\siilts obtain eel 
for e'xperiment 108 at 10 p. p. m., in which significant interactieins 
we*re e>btaineHl more* freepiently than at and 2 p. p. ni.'^ 

Interaction of CuXFe. — lnte*raction was significant at 10 p. p. m., 
but not at 2 or 5 p. p. in. The me*ans for the pre*se>nce^ of coppe‘r 
and iron at 2 and 5 p. ]). m. barely exceeded the^ values for ire>n alone*. 
At 10 p. p. m,, the results with iron alone appre*ciably exceH»de*d those* 
obtained in the presence* of both iron and copper. The pr(*,sence of 
copper alone* gave but a slight increase over the* values obtaineef in 
the absences of both ce)ppe>r and iron at 10 ]). p. m., but more important 
increase's at 2 anel 5 p. p. m. This is illustrate'd in figure 1, whe*rc it 
appe*ars that the* pre*sence of e*e)pper gave some incre*ase in the* absence* 
of iron, but that copper was elecide*dly liarmful whe*n iron was pres(*nt. 

Inieraciion of 6^/ X A/a. - Significance was not obtained for inter- 
action of copper and manganese at any of the^ three raters. It alse) 
appears from the means that the*! combinations are little* be*dter or 
poorer than might bo anticipate^d by the simple*, addition of beneficial 
effects due to coppe*.r and manganese, as shown in the* eliscussion above, 
when the^ results are? analyzed for the pre^sence or absence of euthe'.r e)ne 
of these singly. The graph shows that the aelelitie)n of coppe'i* at 10 
p. p. m. was without e*ffect in the absence of manganese anei was some* 
what harmful when mangant*.se^ was present. 

Interaction of CuX Zn . — At the three rate*.s the mean weights in the 
presence of both zinc and copper slightly (exceeded those obtained wit h 
zinc alone. Copper alone gave values idtmtical witli those obtained 
in the absence of both copper and zinc at 2 p. p. m., a slight ineniase 
ixi 5, and an apprecialih^ decrease at 10. It will be noted that high 
significance for this interaction was reached at 2 and at 10 j). p. m., 
and that the interaction with R* was significant. This is somewhat 
unusual in that generally the results for 5 p. p. m. follow the liiuair 
component for 2 and 10 p. p. m. From the graph it will be noted that 
copper at 10 p, p. m. was distinctly harmful in th(> absence of zinc, 
but that it was beneficial when zinc was present. At 2 p. p. m. the 
results were similar to the extent that copper w^as beneficial in the 
presence of zinc. At 5 p. p. m. copper was beneficial in the absence 
and writhout effect in the presence of zinc. 


* The scheme for Rraphic representation of comparisons, used In figures 1 and 2, was furni.shed by U. D. 
Parker. 
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Interaction of Fe X Mn . — Iron and mangancso show no significant 
interactions at 2, 5, or 10 p. p. m. However, it will be noted that the 
interaction R 2 X Fe X Mn reaches significance. At 2 j). p. rn. the 
presence of manganese gives but slight increase over its absence when 
iron is either pn^stnit or absent, the increase being n^latively gi*eater 
when iron is absent. At 10 p. p. m. the results are similar in that the 
presence of manganese’! is almost without effect when iron is present, 



Figure 1. — Graphic representation of comparisons for main e^ffeets anti inter- 
actions for experiment 108. The significance of an interaction is indicated i)y 
the degree of failure of the curves to extend in a parallel direct ion. The angle 
of convergence furnishes a measure for the relative importance of the various 
interactions, a wide angle being associated with a large contribution. The dry 
weight of mats produced was used to measure the growth response of Phy- 
matotrichum omnivonmi to the presence or absence indicated by plus (■[-) or 
minus ( - ) signs, at 10 p. p. m., of four elements in purified solutions. 

and based upon comparative weights in the exp(‘riments at 2 and 10 
p. p. rn., the presence of manganese is of approximately etjual value in 
the absence of iron. At 5 p. p. m. the results differ materially in that 
manganese is highly Ireneficial in the prestuicii of iron, and in the al)- 
sence of iron gives about the same proportional increase as occurred 
at the other rates. 

Infraction of Fe X Zn . — This interaction is significant at all levels. 
At 2 p. p. m. the combined effect of iron and zinc gives about three and 
one-half times the value obtained in the presence of either iron or zinc 
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when the oilier mcanlxu* of the combination is absent. At 5 p. p. in. 
the mean weight with both elem(‘.nts present is not quite double that 
of zinc alont*, but is ru^arly throes times as large as that of iron alon(% 
and the latter only slightly exceixls the values obtained wIkui both 
are absent. At 10 p. ]). m. the relationships paralh>l very closely 
those obtained at 5 p. p. in. Thus at 2 p. p. rn. the results an' ma- 
t(*rially diffenuit from those at 5 and 10 j). p. m. It app(‘.ars likdy that 
most of this dilbu-ence is tak(‘n out with the interaction of R,, which 
is highly significant, so that R 2 scarcely reach(‘s the r)*perc(‘rit r(‘- 
quirement. 

Jnferaction 0 / MaXZtt , — This inUu-action is significant at 5 and 
10 p. p. m. At 2 p. p. m. lh<‘ mean value in the presence* of both 
elements only slightly exceexis that in the presence of zinc alone*, and 
in the* pre*se*nce‘ of mangane*se* alone* the mean value* is little* more* than 
that obtained in the* absence* of both eleme‘nts. At 5 p. p. m. the me*an 
we*ight of mats obtaine*d in the* pie‘sence‘ e)f mangane*se* and zinc 
e‘xee*e'els by as mueli as 25 ])ereent the* rne'an weight with zine* alone*, 
while* with mangane*se pre*se*nt alone*, the* mean weight is only slightly 
be'ttevr than wltli beith mangaiu'se* anel zine* abse‘nt, as was the case* at 
2 p. p. m. At 10 p. p. m., the* value obtaine*el with be)th mangane*se* 
and zinc pre*se‘nt appre*e*iably e*xce*e*ds that obtaine*el with zinc alone, 
anel again the‘re is but slight diffe*rence* be^tween the* value*s with 
ma]igane*se pre*se*nt ale>ne' and with both absent. 

Second- and third-order interaction For the* se*conel-e)rele*r inter- 
action, in wliieh rate's are* not involve*el, ne) significant elifi*e*re*ne*e*s are 
obtaine*el e*xerept fe)r FeXMnXZn at 10 |). p. m. anel in the* e*e)mbine*d 
analysis. At all three* rate*s, the me'an weight with iron, maiigane*se*, 
anel zinc pre*se*ut shows that this is a particularly favoiable cemibina- 
tie)n. The* me'an weight with iron and mangane*se* present and zine* 
abse'iit eloe'S ne)t e*xce*e*el one*-thirel e)f the* pre'cexling value. The* value* 
for ire)n anel zinc about equals that for all three present at 2 p. p. m. 
anel is about 25 pe*rce*nt le*ss at 5 and 10 p. p. m. Mangane'se* anel zinc 
both pre»se*nt is the* ne*xt bf*st ce)mbinatie)n, although at 2 p. p. m. it 
e)nly slightly e*xce*e*els some* of the* le*ss favorable* cond)inations. Zinc 
alerne* doe*s not appe*ar in favemible* light fen* 2 p. ]). m., but at 5 and 
10 p. p. m. it is appre'ciably be*tt(*r than iron anel is only slightly below^ 
mangane'se plus zinc. The interaction e)f CuXFe*XMnXZn re*ache*s 
high significance* at 10 p. p. m. Figure 1 shows that in the absence* 
of zinc the* be*ne*fie*ial effects of iron are nullilie*el when mangane'se* or 
coppe'r is aelde'd or when both are pre*sent, wlie*re*as, in the* pre*se*ne*e* 
e)f zinc, iron ne)t only reacts ve*ry faveirably, but the* additienial pre'sence* 
of mangane'se or coppe'r is be'neficial although copper is sliirhtly harmful 
if all thre'e* of the* othe'rs are* present. In considering the* means for 
the inte'raction of CuXFeXMnXZn, it should be* re'calle'el that e*ach 
of the me*ans give*n here re'presents tlu* re*sulls from five* re*pli(*ate‘s at 
2 and 10 p. rn. and frenn four replicates at 5 p. ]>. in., and that the* 
2 p. p. m. experiment was harvt'Sted afteu* 21 days’ ine'ubation, while 
the other expe'riments we're* harve'ste'd at 28 days. 

Effect of VAiiYiNej One Element at a Time, With Three 
Held Constant 

To supplement ce*rtain of the results obtaine*d in the prt'ceding 
factorial ewperiments, four expcj’iments, designate'd as 114, 115, llfi. 
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and 117, wore conducted in which thcs rate of one element was varied 
while the three other elements were held at a constant level of either 
2 or f) p. p. m. The element under consideration in a ^i:ivcn experi- 
ment was studied as to absence or presence at 0, 2, 5, 10, 20, and 30 
p. p. in., and each experiment was further divided to include two types 
of solution, purified and unpurified. For example, in experiment 114, 
manganese* was the variable element, b(*ing used at 0, 2, 5, 10, 20, or 
30 p. p. rn. in both purified and unpurified solutions. Each kind of 
solution had receiv(*d the three other elements (copper, iron, and zinc) 
at the rat(*s of 2 and 5 p, p. m. of (*ach. The factors under considera- 
tion in this experiment were kind of solution (2), level of three other 
elements (2), and rate of Mn application (6), giving a 2X2Xfi 
factorial, 24 tn^atments or combinations bt'ing required. As usual, 
th(> treatm(*nts \v(*re prepared on the basis of five* flasks for each solu- 
tion combination. In two of the experiments no con taminal ions 
occurr(*d and all five replicates were includ(*d in the analyses. In tin* 
oth(*r two ('xpeiiments each had one contaminated flask in oin* or more 
ol the s(U’ies so that only four replicates wen* included in tlie analys(‘s, 
the fifth replicate, when available, beirig chosen at random and 
discarded. 

From the outline just given of experiments 114 to 117 it will 
be soon that one of the objects was to test purified in (‘omparison with 
un purified solutions. As stated under discussion of methods, tln^ 
formula for the unpiirified solution requir(*s that ferric chloride 
(FeCl3.fiH20) be added to the equivalent of ().4() p. p. m. of iron. 
Hence, since it was impossible to test the standard unpurificHl solution 
at 0 p. p. 111 . for iron, the nn^an values of th(> four r(>plicat;es obtained 
on the unpurifi(Kl solution in experiment llfi are inserted in table o 
in tlieir appropriate place*, in parentheses. Th(*y are not include^el in 
the analysis of variance for experiment llfi in table 5, nor were these 
values used in obtaining the otheu- mean valu(*s that are recorded for 
this experiment. It should also be borne in mind that in tin* oth(*.r 
experiments (114, 115, and 117), where it is stated that iron and oth(*r 
elements an^ held constant at 2 or 5 p. p. rn., this actually riHUUis 
that 2.46 and 5.4fi p. p. in. are the correct values for iron. 

Although thest^ an* s(*parate (experiments and in some* ]•esp(*(^ts are 
not directly related to each other, the results will be discussed on tin* 
basis of sources of variances and the interpn^tations offered are bas(Ml 
on the mean values and the analysers of variance of tlu^ respective 
experiments, as presented in table 5. 

Kiml of solution . — It will be seen from tin* mean valiums in table* 5 
that the purified solution gave very much higher re*sults than the 
unpurified solution in all four experiments. These diff(*r(*nces are 
highly significant. 

Level of three elements held constant , — There was little* difference* in 
the results between 2 p. p. m. and 5 p. p. m. except where copper was 
the variable element (experiment 117), in which case the value at 
5 p. p. m. was distinctly lower than at 2 p. p. m. 



Feb. 1,1941 Refijwnse oj P. onm irorurri to Certain Trace Elements 143 


Table 5. Mean values and analysis of variance of mat weights of Phymatolrichum 
ornnivorum in experiments in which one element was varied while others were h(dd 
constant at 2 or p. p. m. on two types of solution, with incubation at 28^ C. for 
28 days 

COPPER VARIABLE (EXPERIMENT 117) 


VurlaiicM* 


Kinds of solution 
PiiriHfd 
Cnpurith'd 
I/cvols for 3 ohnncnls 
2 p. p. in 

/> p. p. in 

Rates of ('ll 
0 p. p. in 
2 p. p. in 
f> p. p. in 
in p. p. in 
20 p. p. in 
Kiials X levels 


Mean mat wei^dit 

Analysis of variance 


Difference reqiiin*d 


.M can 
square * 

Mean 

for siyiiifii^ance 
(odds 99:1; 

1). F. 

Mg. 

A/./. 



720. i 

riO. 2 


■*1,534.923 

478. 3 




037. 8 

WMl. 0 

50.2 

1 

*120,704 


79.3 


* 182, 057 

719.8 i 



039. 9 i 




040. 1 ' 




530. 3 

481.0 





7, 5fi1) 



Mean mat weight with 3 elements at 




2 p. p. 111. 

i 

5 |). p. 

111. 



Kinds of solution: 

1 

Mg. 


Mg 



* 

Purin<-d 


7,53. 0 


099. 

) 



Pnpurified 


522. 0 


434. 0 


... ... 

Kinds X rates 






4 

•09. 400 


Mean mat w eight w itii ('ii at — 




0 

^ 2 

r, 

10 

20 




p.p.m. 

*p.p. 111. 

p. |». 111. 

p. p. 111. 

il). p. m. 



Kinds of solut ion: 

Mu. 

Mg. 

Mg. 

Mg. 

Mg. 



Purified .. 

753. 1 

773. 7 

790. 0 

719. 0 

588. 2 



t-npurilied 

(»S0. 4 

,500. 1 

484.2 

,341.0 

373. 9 

i 


Levels X rates 






4 

•03. (K)0 

Levels at 








2i». p. Ill j 

705. 3 

030. 3 

OOS. (* 

,580. 0 

004. 9 



5 p. p. in . . . 1 

734. 3 

049. 5 

011.0 

480. 0 

357. 1 



Kinds X levels X rates . j 






4 ' 

21, MO 

Purified, levids at -- 








2 p. p. Ill 

745. 0 

740. 7 

828. 4 

708. 3 

73ti. 0 



5 p. p. m 

701. 3 

800. 0 

703. 5 

730. 9 

439. 7 



I'npurified. levels at 








2 p. p. Ill . _ 

0<»5. 0 

513. 8 

508.8 

451. 7 

473. 2 



5 p. p. Ill . 

707. 3 

498. 3 

4.59. 7 

230. 2 

274. 0 



Error _ 






' 80 

9, 037 

Total . . 


j 




99 

70. 734 









IKON V ARIABLE (EXPERIMENT lit)) ^ 


Variance 

Mean 

‘urlfled solution: 

Mg. 

i.«evels for 3 elements ... 

2 p. p. ni 

72f». 7 

5 p. p. m - - , . 

742.1 

Rates of Fe 


0 p. p. m 

5M. 5 

2 p. I), m. 

759. 0 

5 p. p. m . . . 

785. 0 

U) p.p.m 

785. 1 

20 p. p. Ill 

785. 0 

JIO p. p. ni 

LeveKs X rates - 

767 . 0 


Mean mat weight 


Differenee required for 
siRiiiftfwntv (odds yy;!) 

Mg. 

26. 7 


44. 5 


Analysis of variance 
1). F. 


M(*an 
square ' 


2,844 


■78, 927 


1,580 


Nee footnotes at end of laWe. 
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Ta-BLK 5.“ Mean values arul analysis of variance of mat weights of Phymatotri churn 
omnivor um in experiments in which one element nas varied while others were held 
constant at 2 or 5 p. p. m. on twc types of solution^ 'with incubation at 28° C. for 
28 days — Continued 

IKON VARIABLE (EXPERIMENT 1 10) Continued 


Mean mat weif^ht with Fe at 


Variance 








0 

2 

5 

10 

20 

30 


p. p. m. 

p. p. III. 

p. p. ill. 

p. p. III. 

|p. p. 111. 

1 

p. p. m. 

j^iirified solution ('oiitinued. 







1.^‘vels for 3 elements: 

.Mg. 

My. 

My. 

Mg. 

Mg. 

Mg. 

2 p. p. Ill 

.545. 9 

745. 9 

777. 5 

789. 8 

7.59. 7 

741.4 

5 p. p. m 

(Unpurified soluti'in:) 

(Levels at — 

521. 1 

772. 1 

793. 8 

780.4 

811.5 

773. 8 

2 p. j). m.) 

(.50:i. 0) 

(483. 4 ) 

(4.58. (i) 

(4.54. :i) 

(409. .5) 

(485. 8) 

5p. p. in.) 

Error 

(470. 7) 

(457. 1) 

(4.37. 8) 

(4.5^1. 1) 

(453. 7) 

(431.0) 

'i'otal , 


1 - 






Aiialysj.s of variance 

T) F 1 

* ' square 


1.007 
0. 44.3 


MANGANESE VARIABLE (EXPERllMENT 114) 


I 


Mean mat wcipht 


Kinds of solution 

Purified 

T^npurifled 

Un’cls for 3 elements 

2 p. p. rn . 

r> p. p. in ..... 

Rales of Mn 

0 p. p. m . . 

2 p. ]). m 

.'i p. p. rn 

lOp. p. in . 

20 p. p. Ill 
30 in 

Kind.s X h'vels 


Analysis of variance 


J.)ilT(‘n*nc(* required for ■ i > v 
sijrnificancc (odds 90:1) ' ‘ ’ 


Kind.s of solution: 

Purified. 

Unpurified - - 
Kirnls X rates 


Kinds of solution: 

Purified 

Unpurified 

Ii(‘vcls X rates 

Ia‘vels at— 

2 p. p. in 

p. p. m 

Kinds X levels X rates. 
Purified: 

licvels at — 

2 p. p. Ill - _ - 

.'i p. p. rn 

Unpurified: 

T.<evels at " 

2 p. p. m — 

f) p. p. m 

Error 


M can 

My. 

WiO. 3 
/)(«. 1 

002. 2 
047. 3 

(141.9 
OOO. 0 
048. 1 
010. 0 
073. 0 
087. 7 


Mean mat weiitht with 3 elements at- 


Mg. 

20. 4 


20. 4 
45. 7 


Mean 
s(juare ' 


*2,2(M),4I7 
3, 300 
*10,040 


2 p. p. m. 

My. 
780. (i 
537. 9 


r> p. p. III. 


Mg. 
820. I 
408.4 


Mean mat weight with M n at— 


0 

1). p. Ill 

Mg. 
827. 1 
450. 7 


0.51. 4 
Ki'J. 3 


841.5 

812.0 


401.3 
452. 1 


Total 

See footnotes ut end of table. 


2 

p. p. Ill 

My. 
820. 4 
494. 8 


005. 1 
050. 1 


803.9 

849.0 


520. 4 
403. 2 


5 

p. p. ra. 


My. 
7(i(i. 5 
529.7 


057. 4 
038.8 


765. 6 
707. 4 


549.2 

51U.2 


10 

p. p. Ill 


My. 

720. 1 

507. 1 


a33. 7 
599. 5 


720. 4 
731.8 


547.0 
407. 3 


20 

p p. rn. 


My. 
820. 4 
520.9 


079. 8 
067. 5 


771.4 

881.4 


588.2 
453. 0 


30 

p. p. Ill 


My. 
865. 7 
509. 0 


085. 9 
089.4 


810. 9 
914. 5 


555. 0 
404.3 


1,215 


*15,702 


020 


•9, 249 


2,382 


27, 712 
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I'able 5. ” A/con values and analysts of variance of tnai weights of Phymatotrichurn 
omnivorum in experiments in which one element was varied while others were held 
constant at 2 or 5 p, p. m. on two types of solution^ with incubation at 28° C. for 
28 days — (>)ntiiuied 


ZINC VARIABLE (EXPERIMENT 115) 



Mean mat weight 

Analysis of variance 

Varianwi 


Mean 


Diflercnce required for 
significance (odds 99:1) 

D. F. 

Mean 
square ’ 

Kinds of solution . 


Mg. 



Mg. 

20.3 


1 

*2, 923, 472 

Purified . 


686. 5 




Unpurified 


374.4 







litn’cls for 3 elements 

2 p. p. ni 

.... 

534" 9 


20.3 

1 

2, 365 

5p. i). m.. 

Rates of Zn. . . 


526. 0 



" '35! 2 ' 

■ 

5 

•562, 326 

Op, p. m ... 

2 p, p. m _ _ - . „ 

a p. p. m 


188. 9 
616.4 
605. 3 



... 


10 p. p. m 


586.8 







20 p. p. in 


588. 1 





30 j>. j). in . 


597.1 





Kinds X levels.. 

— 



1 

•14, 172 


Mean mat weight with 3 elements at ■ 




2 p. p. m. 

5p. p. m. 



Kinds of solution: 

Purifled . . 


Mg. 
680. 1 



Mg. 

692.9 




Unpurifled- 


3H9.7 



359. 0 




Kinds X rates. 



■ 


5 

•114, 247 


Mean mat weight with Zn at— 




0 

p. p. rn. 

2 

p. p. ra. 

6 

p. p. m. 

10 

p. p. m. 

20 

p. p. ni. 

30 

p. p. in. 



K iuds of .solution: 

Purified 

Unpurifled-- 

Levels X rates..- . . . . . 

Mg. 

204. 9 

172.9 

Mg. 
770. 8 
462. 1 

Mg. 
775. 5 
435. 1 

Mg. 
744. 0 
429.5 

Mg. 
788. 1 
388. 1 

Mg. 
835. 7 
358. 5 

5 

•11.854 

1-Kjvels at— 

2 p. p. rn 

181. 2 

601.9 

579. 6 

— 

,598. 1 

616.5 

632. 0 


5p. p, m - 

Kin<ls X levels X rates. 

196.7 

631.0 

631.0 

575. 5 

559. 7 

562.2 





5 

•11,544 

Purified: 

l^'vels at “ 

2 p. p. m . 

5 j). p. rn . - 

Unpurifled: 

Levels at~^ 

2 p. p. m . 

5 p. p. m 

Error.. — . 

175.6 


715.7 


836. 9 

877. 0 


2;i4. 3 

824. 0 

835.3 

730. 2 

739. 3 

794. 5 



186.8 

486.2 

443. 5 

438. 3 

396.0 

387. 1 



159. 0 

437.9 

426.6 

420.8 

380. 1 

329.9 



' 96 

1,794 








Total-- 







119 

1 

55, 564 









* Asterisk (•) Indicate-s that contributor is highly significant (odds 99:1). 

* All unpurifled solutions contained 0.46 p. p. m. of iron, a.s called for in the preparation of the solution, 
plus whatever iron is indicated for the various treatments. It was felt that the additional 0.46 p. p. m. in 
tile unpurified solution would be of little consequence in restratifying the data as shown for exi>erinients 
1 17, 114, and 115 for comparing levels of iron at 2 and 6 p. p. m. Since, however, there could be no zero rates 
of iron with this standard unpurified solution it seemed unwise to restratify the data for rates of iron, or 
nteractions with rates, for experiment 110, when iron was the variable element. Hence, the analysis of 
variance and all data for experiment 116, except those given in parentheses, refer to purified solutions only. 

Rate of application of variable element , — For copper (experiment 117) 
it will be noted that the result in its complete absence was very much 
superior to that obtained when it was present. The mean values for 
copper present at 2 or 5 p. p. m. were about equal in value; 10 p. p. m. 

307731—41 3 
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caused a considerable drop, and 20 p. p. m. a further drop; copper at 
30 p. p. in. behaved in such an erratic manner that the results were 
not considered reliable, and accordingly they have not been included. 
For iron (experiment 116), which included only the purified solution, 
the result obtained in its presence was distinctly superior to that 
obtained in its absence. There was little difference between rates 
ranging from 2 to 30 p. p. m. The presence of manganese (experiment 
114) at various rates was slightly superior to its absence, except at 10 
p. p. m. The differences between rates barely reached significance at 
the 1-percent requirement. For zinc there was a remarkable difference 
between presence and absence, values with the latter being about 
one-third of those with the former. No appreciable difference occurred 
with zinc in rates from 2 to 30 p. p. m. 

KindXlevel.—ln experiment 117, with copper variable, the purified 
solution at 2 p. p. m. was distinctly superior to the 5 p. p. m. ; the same 
relationship between 2 and 5 p. p. m. existed in the unpurified solution. 
For experiment 114, with manganese variable, 5 p. p. m. was appre- 
ciably better than 2 p. p. m. in the purified solution. The reverse 
was true of the unpurified solution, a highly significant F value for 
kind X level being found in experiment 114 (see table 5). There was 
little difference between the results at 2 and 5 p. p. m. in the purified 
solution for zinc, although in the unpurified solution 2 p. p. m, was 
slightly better. The interaction was highly significant in this 
experiment (115). 

KindXrate . — At 0 to 5 p. p. m., copper in the purified solution 
gave very excellent growth; at 10 p. p. m. growth was only slightly 
inferior; but at 20 p. p. m. it was decidedly poorer. In the unpurified 
solution the amount of growth in general decreased with increasing 
concentrations of copper. It is important to note again the very con- 
siderable increase in growth when there was no copper in the unpuri- 
fied solution. The significant interaction is probably explained by the 
fact that depression of growth with the increasing concentrations of 
copper commenced sooner and progressed more rapidly in the unpuri- 
fied solution than in the purified. Manganese gave very fine growth 
in the purified solution at all rates. In the unpurified solution, for 
which mat weight was less than two-thirds that of the purified solu- 
tion, concentration seemed also to have little effect, except that growth 
averaged about 50 mg. less when manganese was absent than when 
it was present. This interaction was significant at the l-percent 
requirement. For experiment 115, with zinc variable, growth was 
very poor in both the purified and the unpurified solution in the 
absence of zinc. In the purified solution the average mat weight 
tended to increase with increasing concentration, whereas in the 
unpurified solution the rate of growth decreased at a fairly regular 
rate with increasing concentration. The interaction was significant. 

LevelXrate , — In experiment 117, the mat weights were decidedly 
better in the absence of copper than in its presence for both the 2 
p. p. m. and the 5 p. p. m. levels of other elements. Increasing con- 
centrations of copper from 2 to 20 p. p. m. seemed to be without mate- 
rial effect at the 2 p. p. m. level, whereas at the 5 p. p. m. level of other 
elements the decrease in mat weight was fairly rapid with increase of 
concentrations. In the purified solution (experiment 116), which is 
the only solution included for iron, rate of application removed most 
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of the variance. Interaction was Jiot si^iificant. For manganese 
the condition was very similar to that for iron, rate removing most of 
the variance. For zinc, optimum grow'th was apparently reached at 
the highest concentrations wdien the level of other elements was held 
at 2 p. p. m., although growth with zinc at 30 p. p. m. was not very 
much greattT than with zinc at 2 p. p. m. When the other elements 
were held at 5 p. p. m., the optimum appeared to be reached at 2 and 
5 p. p. m. of zinc, 10, 20, and 30 p. p. m. of zinc giving lower results 
whi(jh did not differ greatly from one another. 

Kin(l\levelXrate . — Although the highest ordej* interaction did not 
reach significance at the 1 -percent requirement for experiment 117, 
several interesting comparisons are apparent. With copper absent 
in the unpurified solution and the other elements at 5 p. p. m., the 
mean mat weight for five replicates was over 700 mg., and with the 
other elements present at 2 p. p. m. (and copper absent) the average 
was only about 40 mg. less. The decrease with additional amounts of 
copper was quit(', rapid in the unpurified solution when th(‘ other ele- 
ments were held constant at 5 p. p. m. One other feature of interest 
regarding copper is thal, when the other elements were present at 
2 p. p. m, in the purified solution, as much as 20 p. p. m. of copper 
seemed to do litth‘ harm. When the other elements were at 5 p. p. m. 
in th(^ purified solution iho depression in mat weight w as quite sharp 
at 20 p. j). in. of copper. 

Although the results foi* iron in the unpurified solution w^ere not in- 
cluded in the means or the analysis showm in tabled (experiment 116), 
the A^alues arc included in parentheses because they appeared to be 
of interest in connection with the copper and iron relationship. These 
results are interpreted to indicate that when iron is added to the 
amount of oidy 0.46 p. p. in. in the unpurified solution the growth ob- 
tained is bet ter than w hen iron is present in larger amounts. Increas- 
ing amounts of iron in purified solution appeared to do no harm. 
These results indicate some unexplained incompatibility of copper 
and iron in the unpurified solution. In experiment 108 it was shown 
that slightly deh^terious effects occurred when copper and iron at 
10 p. p. m. w'(‘r(* [iresent, even in the purified solution. 

Interactions were significant for manganese and zinc (experiments 
114 and 115). In tlie purified solution manganese did not appe^ar to 
be beneficial, nor did increasing amounts of inanganesc appear to do 
harm when tlui other elements wrere at 2 or 5 p. p. m. The highest 
mean value obtained w^as with manganese at 30 j). p. m. and the other 
(dements at 5 p. p. m. In the unpurified solution, growth in the 
presence of manganese w^as somewhat better than in its absence when 
the other elements wen' at 2 p. p. m. The presence or absence of 
manganese Iiad little appreciable effect upon grow th in the unpuri- 
fied solution with the other elements at 5 p. p. m. Increasing amounts 
of zinc up to 30 p. p. m. appeared to be beneficial in the purified solu- 
tion wdth other elements at 2 p. p. m. ; with other elements at 5 p. p. m. 
optimum growth with zinc occurred at 2 to 5 p. p. m. In the unpuri- 
fied solution with other elements at 2 p. p. m., the optimum concen- 
tration of zinc was 2 p. p. m. with rather sharp decreases above 10 
p. p. m. A similar condition existed wuth the other elements at 5 
p. p. m. In all four treatments, where zinc wuis absent growih was 
poor. 
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Effect of Vakying Iron and Zinc With Manganese Held Constant 

Several of the problems involved in determining the best type ^ 
medium for optimum growth of the root rot organism were solved in 
the foregoing experiments (114-117), when it became evident that 
it would not be necessary to resort to the laborious process of purifica- 
tion since excellent growth could be obtained on the unpurified solu- 
tion when copper was omitted. Under the heading ‘‘Kind of solution^' 
(p. 149), it was pointed out that the mean for the purified solution ex- 



Figure 2. — Graphic representation of comparisons for main effects and inter- 
actions for experiment 119. Curves representing second-order comparisons 
are divided into two groups and compared side by side instead of being super- 
imposed on each other as in figure 1 . Nevertheless, curves for the purified solu- 
tion are nearly on top of each other as shown. The dry weight of mats produced 
was used to measure the response of Phymatotrichum omnivorum to varying 
rates of iron and zinc in purified and unpurified solutions. Copper was omitted 
and manganese was held constant at 2 p. p. m. 


ceeded by at least 50 percent that for the unpurified solution. Some- 
what similar relationships prevailed in all previous experiments. The 
results with copper absent from the unpurified solution indicated 
how this might be corrected. It was demonstrated that the rate of 
manganese application was of little importance and that the presence 
of manganese gave results only slightly superior to its absence. Hence 
in the present experiment copper was omitted and manganese was 
held constant at 2 p. p. m. Iron and zinc were used in a factorial 
design at four levels, 2, 5, 10, and 20 p. p. m. The unpurified solu- 
tion in this experiment differed from that in the preceding experiments 
(i 14-1 17) in that ferric chloride (FeCl3.6H20) was omitted in the 
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preparation of the solution, lienee iron would he present only as im- 
purities or as added latcu* in ih(> various treatments. As in the pre- 
ceding experim(‘nt, five flasks of each treatmiuit were prepared but 
only four were considered in the analysis, th(^ fifth being discarded in 
each case by random choice if no contaminations developed. The 
results of this experiment are presen t(‘d in table 6 and in figure 2. 

Kind of solution . — ^The growth in purifi(‘d solution exceed ( h 1 that 
in the unpurified solution by l(‘ss than 35 mg. However, since these 
means were derived from 64 replicates each, this difference reaches 
high significance. 


Table 6.- Effect of varying iron and zinc at four ralen, with manganese held constant 

{experiment 1 19) 




Moan mat weight 


Analysis of var- 
iance 

Variance 









DitTcrcncc rcquinnl 


M (‘an 


Mean 

for sigiiifu^anec 

1). F. 




(odds 99:1 ) 




A/r/. 

Mg. 



Kinds of solution - 

_ _ 


10.94 

1 

*37. .505 

eurified 

040. fiO 





Unpurified 

012.32 






Kates of iron a}>i)li(’atioti 



23. 9.5 

3 

3. 798 

Kates of zinc application 

... 


23. 9.5 


*09, 349 


Mean mat weight 

Mean mat weight 


’ 


with Fc variabU* 

with Zn variable 




— 

.. 


— 



Kates of iron or zinc; 

Mg. 

Mg. 



2 f). p. in 

033. 93 

072. 88 




U p. p. Ill 

027. 01 

0.52. 95 



1(1 p, p. lU 

01.5.31 

020. 20 



20 p. p. in ... . 

040. 97 

,505 

79 



Kinds of solution Xrati'S of Kc 





3 

4,117 

Kinds of solution Xrates of Zn 




, 

3 

*41, .581 

KindsxKe or Zn: 







I’urified, rate at - 








038. 9.5 

0.58. 17 



5 p. i). in 

o:t7 

00 

0,52. 58 



10 p. j). in 

040. 80 

041 

93 



20 p. p. in 

WiX 99 

033. 08 



IJnpuriflcil, rate at — | 







2 p, p. in 

028. 90 

(»S7 

.59 



5 p. I*. Ill . . - 

017 

02 

0,5.3 

32 



10 p. p. Ill .. . . 

.589. 83 

010. 48 


1 

20 p. p. in 

ai‘2 IK'S 

497 

. - . 

91 



Kates of FeXrates of Zn . 



i * 

1. 004 


...... 






1 


Mean mat weight w ith zinc at 

1 





— 

— 





2 p. p. III. 

.5 p. p. ni. 

10 p. p. m. 

20 p. p. m. 








— 

— 



K«‘ at — 

Mg. 

Mg. 

Mg. 

Mg. 



2 p. p. in 

082. .84 

0.5.5. 34 

(>44. (Kl 

5.53. .50 



6 p. p. in 

008. .58 

040. 30 

(>43. (X) 

5.58. 56 



10 p. p. Ill - . 

0.50.31 

(VI.3. 14 

595. 09 

.500. 1 1 



20 p. p. in . - 1 

08:L80 

073. 01 

622. 09 

584. 99 



KindXFcXZn. . 

9 

2, (>2.5 






Furifled, Fe at— 







2 p. p, m - - 

6.58. 08 

044.28 

629. 18 

024. 28 



1) p. p. m 

047. 48 

(>,30. 8.3 

644. 28 

027. S3 



10 p. p. m 

028. 98 

0.59. 08 

050. 98 

024. 18 

' * ' ' . ! 


20 p. p. Ill 

098. 15 

070. 13 

(•>43. 28 

0.58. 43 



Unpurificil, Fe at™ 





1 


2 p. p. m - - 

707. 00 

060. 40 

658. 88 

482. 73 



5 p. p. m - 

089.08 

(V49. 78 

IV41.73 

489. 30 



10 p [1 TTI 

11 

627. 20 

.540. 40 

.508. 05 



20 p. p, in 

009.90 

600. 90 

.511.55 



Krror. .... .. 





90 

1,331 

Total 





127 

4.413 


' Asterisk (*) indieates that F value obtained is highly significant (odds W;l). 
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Rates of Fe application. — The moan mat wc^ights with iron at con- 
coiitrations of 2, 5, and 20 p. p. m. wore not significantly different. 
For some reason difficult to explain on the basis of available data, 10 
p. p. m. gave comparably low yields, whereas 20 p. p. rn. gave an aver- 
age mat weight which slightly exceeded that obtained at 2 p. p. m. 

Ratrs of Zn application. — The optimum concentration for zinc 
was clearly at 2 p. p. m. in the combined means obtained from the 
different kinds of solution, and from various combinations with iron. 
Increasing concentration resulted in steady decreases. 

Kind o/ solutionXFe. — With iron it will be noted that the purified 
solution gav(^ a bettor performance than the uni)urified solution, al- 
though at 2 p. p. m. the difference was small. In the purified solu- 
tion, there was little difference between 2, 5, and 10 p. p. m. while 
20 p. p. m. gave a considerably higher mean mat weight. In th(>i 
un purified solution, results with iron at 2 p. p. m. appeared to ho 
optimum, with iron at 5 p. p. m. somewhat lower, and wdth iron at 
10 p. p. m. distinctly inferior. Here again the peculiar increase with 
20 p. p. m. mentioned above's will be noted. Since highly significant 
interactions were obtained in this experiment and since one of the 
primary objects was to clarify the intricate r(dationships of these two 
most important elements (iron and zinc), it is felt that/ the pr(»- 
ceding tables and analyses of variance could be more c^asily inter- 
preted by the aid of the graphs presentc'd in figure 2. 

Kind of solutionX Z7i. — In the purified solution the diff(U*(mt rates of 
zinc were comparatively unimportant. However, there W’as a slight 
downward trend with increasing concentration. In the unpurifhHl 
solution, the values with zinc at 2 p. p. m. exceeded all values ob- 
tained in the purificMl solution, and there was a very rapid and regular 
decrease from 2 to 10 p. p. m.; from 10 to 20 p. p. rn. the decrease 
was even greater. This resulted in a very high F value for interaction. 

FeXZn. — At all concentrations of iron, 2 p. p. rn. of zinc gave the 
best average results, and increasing concentrations of zinc rc^sulted in 
fairly regular average decreases. Or, considering the curves for zinc, 
it will be noted that 2 and 20 p. p. rn. of iron gave the best gernu^al 
results, except when zinc was at 20 p. p. m., with a particuhu'ly un- 
favorable coml)ination for zinc at 2 and 10 p. p. rn. How(»ver, since 
these differences wei’c brought out with rates of application, there is 
no significant interaction for rates of iron X rates of zinc. 

Kind of solutionXFeXZn. — This is not a significant interaction. 
The behavior of the four rates of iron application respond v(uy much 
in the same manner with increasing concentration of zinc, particularly 
in the unpurified solution. In the purified solution, the differences 
due to increasing concentration of zinc are small and somewhat ir- 
regular, but again their trend is downward. 

From a practical point of view, the most important features of the 
above experiment were as follows: (1) The results suggested in experi- 
ments 1 14 to 117, that the unpurified solution would serve satisfactorily 
for optimum growth, were confirmed; actuallv the highest mat weight 
recorded was with tlie unpurified solution when iron, zinc, and man- 
ganese were present at 2 p. p. m. (2) The concentration of iron does 
not seem to be so important as the concentration of zinc. (3) The 
unpurified solution is decidedly more sensitive to increasing concen- 
trations of zinc than is the purified solution. (It will be recalled from 
experiment 117 that the unpurified solution was also exceedingly 
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sensitive to copper application.) (4) A pt'culiar but unexplained re- 
sponse with iron application was observed in both the purified and 
unpurified solution. In the purified solution, 2, 5, and 10 p. p. m. gave 
about equal results but 20 p. p. m. gave a d(*cid<Ml incr(*ase, and in the 
unpurified solution 20 p. p. m. gave an increase over 10 p. p. in., the 
most unfavorable combination. A somewhat similar relationship was 
noted with mangan(‘se in experiimuit 114 in tlu' purified solution. 
(5) While the distinctions between 2 and 5 p. p. m. are not great and 
on the purified solution it has been almost imjiossible to decide whether 
2 or 5 p. p. in. provided optimum growth conditions, it now secuns that 
in the unpurified solution the best concentration for optimum condi- 
tions may definitely be stated as not mor(‘ than a 0-2 2-2 concentra- 
tion of copper, iron, mangam^se, and zinc; subsequent experiments 
have been based on this formula. 

Effect of Ikon, Manganese, and Zinc on Different Isolates 

111 soiiK^ subs(‘<juent experiiiKuits on fungus nutrition it appe^nred 
that the presence of iron was not quite so important as the prec(*ding 
experiments had indicated. This gave' rise' to sjieculation as to 
whetheu* the^se results wene caused by seime uncontrolled factor, 
wdie'ther the*- fungus was losing some of its \ e*getative> vigor, or wdiether 
different isolates might fail to re^spond uniformly to the treatments 
wdth the above eleunents that had been found necessary for optimum 
growth. Accordingly, the studies wn*re e*xtended to include adelitional 
isolates of the fungus cnllecteeJ during the^ summer e>f 1938 from various 
root rot-infested fieilels of central l\*xas. From the newly isolated 
cultures of Phyinatotrichum omnlvorurn seven isolates were chosen 
for comparative studies wdth isolate 28, which had been isolated in 
1937, and on which the preceding stiulies had be(*n madi*. 

Pr(‘liniinary comparisons on solid media and on the unpurifi(‘d 
nutri(*nt solution indicated that the eight isolates dillVred in tin* 
amount of grow th produced on the several substrates. For the more 
critical (*xperiments to d(*t('rmine the n'sponst* of isolates to the addi- 
tion of certain elements, the number of isolati's was r(*duc(>d to four, 
isolate* 28 being us(*d as the standard and isolates 4, 5, and 7 being 
compared wdth it. Two (experiments were conducted in the factorial 
design, the variabh* factors being isolat(*s (4), treatments (5), and time, 
of harvest (2 or 4). The treatments inclu(led were (0) no t*l(*ments 
added to the unpurifi(*d solution, (A) zinc add(*d, (B) iron and zinc 
added, (C) manganes(* and zinc added, and (D) iron, mangam^se, and 
zinc added, the (*h*nu*nts, wdiether singly or in combination, being 
added at the rate of 2 p. p. in. each to the unpurifi(*d solution. In the 
first of these tw^o (^xpevriments, designated as N-22, tin* mats wi're 
harvestcMl at 14, 18, 22, and 26 days aft(*r inoculation, three replicates 
of each combination being used. The second experiment (N 26) was 
based upon harvests at 14 and 22 days, replicates four. Tin? incuba- 
tion was at 28® C. in both experiments. The response of the four 
isolates to the st*veral treatments was much the same in both experi- 
ments, and an analysis of differences b(*tween the two experiments 
yielded no values wliicli approached significance ev(*n at the 5-percent 
level, indicating that with the harvests at 14 and 22 days, common in 
both experiments, the two experiments might be considcu’ed as one 
and analyzed as such. The results of the 14- and 22-day harvests of 
the two experiments were, tlierefore, brought together in one analysis. 
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thus giving seven replicates. The summary of this analysis and the 
mean weights of the various combinations arc presented in table 7. 
Since the analysis of differcuices at 14 and 22 days for experiments 
N 22 and N-2b suggested that the results might be analyzed together, 
it is assumed that conclusions may be drawn from either experiment 
as well as from the combined analysis. In N-22 there were four 
dates of harvest so that the growth curves obtained are morc^ completes 
than could be obtained from N-2() or tln^ combined analysis. Ac- 
cordingly it seemed desirable to pre^sent these growth curves (fig. 8) 
and to base the interpretation and discussion of the results on the 
graph and the tabh* of coml)ined n'sults. 



Figure 3. Graphic representation of comparisons for experiirient N-22. Dry 

weight of mats produced is used to measure the effect of several combinations 
of iron, manganese, and zinc at 2 p. p. m. on the growth of four isolates of 
Phyrnaiotrichum omnivorum in unpurified solutions at, 28° (". For each i.solate 
treatment X time (or rate of growtli) may be considered singly as a first-order 
interact ion or the figure as a whole may be considered to represent the second- 
order interaction, i.solatcX treatment. X time. 0, Clieck (all thn'e elements 
omitt.ed); a, zinc alone added; h, iron and zinc added; c, manganese and zinc 
added; d, iron, manganese, and zinc added. 

Isolates . — Of the four isolates, No. 5 gave a comparatively low mat 
weight. This difference from the other throe was highly significant. 
Isolates 4 and 28 gave similar mean mat weights, which differed 
significantly from the slow-growing isolate 5 and the rapid-growing 
isolate 7. 

Treatments . — All treatments differed significantly from one an- 
other. The mean mat weight was greatest in treatment D (Fe, 
Mil, Zn), followed by treatment B (Fe, Zn), treatment C (Mn, Zn), 
treatment A (Zn), and treatment 0 (none added). 

TimeXisolate . — The four isolates responded in a similar maimer to 
the differences in time of harvest when measured at 14 and 22 days 
only, and tlie mean square obtained in the combined analysis of 
variance scarcely exceeds that of error. However, this was not true 
when experiment N-22 was analyzed separately, and it is believed 
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tliat this would not have been the case had N-26 been harvested at 
four dates or times. Figure 3 shows that all treatments (lo not reach 
their peak at the same time, nor do all isolates respond equally well 
to treatments, particularly in the early stages of development. These 
differences may escape detection when the harvest is made at 14 and 
22 days only. 

Table 7. — Mean valuea and analysttt of variance for reactions of four isolates of 
Fhymatolrichutn omnivorum to eonibinations of iroriy manganese^ and zinc 


lExiHM’irnents N-22 and N-2(i combined for yield at 14 and 22 days] 





•Mean mat weight 



Analysis of variance 

\'ariaii(*e 

. — 


— — 


- — 

. .. 



— 

- ■ - 





Difference required for 

I) y 

Mean 






significance (od<ls 99:1) 


s(iuare > 



Mg. 



Mg. 




'rime of harvest 






IK. :i(i 


1 

*4, 112,310 

I4(itiys. 


7(i. 09 








22 days 


H2 

47 








Isolates 






27). 87 


3 

*95, 392 

No. 4 

289. 87 








No. f) 

247 

13 








No. 7 ..... . 

3:17 

.51 








No. 28 

290. «2 








Treatments 






28. 97) 


4 

*917, 003 

0 


124 

27 








A 


199. 99 








B 

392. 7)2 








(’ 

311 

.79 








1) 

427 

. 8:1 








'rimeXisolotes 

’ ' ' 




■■ 




3 

4,981 



Mean mat weight with i.solate 






No. 4 


No. 

7) 

No. 7 


No. 28 



Time of harvest; 

Mu. 


Mg. 

Mg. 


Mg. 



14 days 

LW. 07 

131. 19 


224. 43 


100. 08 



22 days 1 

421 ( 

7 

363. 07 


450. 7)9 


414.7).') 



'rimeXtreatments | 









4 

*27)7,713 

1 

i 

.M ean mat weight 

with treatme 

nt 

-• 


1 

0 


A 

B 

V 


D 



'I'ime of harvest: 

Mg. 


Mg. 

Mg. 

Mg. 


i Mg. 



14 days _ 

88. 7)0 


120). 06 

21 

7). 37 

188. 7)7) 

231.31 



22 days 

17)9. 98 


273.31 

569. 07 

43.'). 04 

024.35 



IsolatesXtrealments 1 









12 ] 

*13,7)80 

Is(»late - 











N(>. 4 - 

117. 01 


214. 54 

341.01 

319. W) 

450. 90 



No. 5 

98. 22 


103. 19 

31 

7.35 

284. 49 

372. 41 



No. 7 .. 

144. 37) 


227.98 

490. 20 

341.21 

483. 72 



No. 28 

137. 7)1 


194. 24 

421. 40 

301.58 

398. 29 



TimeX isolates X treatments 









12 

5,811 

14 days, i.solate— 










No. 4 

79. 57 


123. 01 

175. 99 

187 7 


224. 00 



No. 5 

08. 33 


86.27 

149. 81 

170. 69 

174. 87 



No. 7. .. ... - . 

111.93 


104. 83 

290. 27 

217). 74 

339. 30 



No. 28. , 

94.4;i 


132.53 

245. 41 

174.04 

180.97 



22 days, isolate— 











No. 4.-- 

154.40 


300.06 

500. 03 

452. 0 


689.74 



No. 5- - ... 

128. 11 


240.11 

484.89 

392.29 

669.90 



No. 7 

170. 77 


291. 13 

090. 20 

400.69 

028.09 



No. 28 .... . 

180. 59 


255. 94 

51 

7. 7)1 

429. 11 

609. 01 



Error 

.... ... 



' 





240 

'3,468 

Total . - 










_ 


279 

3<1, 480 


> Asterisk (*) indicates that contributor is liiRhly signiaeant (odds 99: 1). 
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TlmeXtreatinent- It will be seen that with treatment 0 the mean 
mat weight was not doubled during the period from 14 to 22 days, 
whereas with treatments B and D the weights had increased more 
than two and one-half times during the same period and high signifi- 
cance was obtained. 

IsokiteXtreat/nent, -This interaction was higlily significant, owing 
largely to the fact that strain 4 responded unusually well to treatment 
D (Fe, Mn, Zn), whereas, with isolates 7 and 28 at 22 days, treatments 
B and D were not very different from each other. Treatment C is 
only slightly inferior to treatment B for isolate 4, but in relation to the 
better treatments it gives comparatively poor results for isolates 7 
and 28. It is interesting to note from figure 3 that for the poorer 
treatments, C, A, and 0, the final mat weights at 22 days from each 
such treatment are not actually very different for the four isolates. 

7\meXisolateXtreatment. This interaction does not approach sig- 

nificance in tlie combined analysis. However, in the analysis of N -22 
based upon four times of harvest, a significant value was obtained. 
The explanation of this has been pointed out in the discussion of the 
interaction time X isolate. 

In conclusion, the most important features of the foregoing test 
may be summarized with the following statements. On the basis of 
mean mat weights attained with different treatments, isolates 4 and 
28 arc classed together, intermediate in position between isolate 7, or a 
significantly higher ^roup, and isolate 5, of a lower group. Although, 
isolates 7 and 28 are in different subgroups on the basis of mean weights 
it lias been pointed out that these two isolates react similarly in their 
response to the various treatments. It is of possible significance that 
isolates 7 and 28 wore originally obtained from the same location in a 
single root rot si)Ot in an otherwise root rot-free cotton field. The (col- 
lections were made in 2 successive years. Their differential response 
to treatments suggests their identity, despite the fact that their growth 
rate was different. The latter may possibly be explained by the fact 
that the slower growing isolate had been carried in culture for a year 
longer than the faster growing one. It has been commonly observed 
with other fungi tliat differences may be detected in vegetative vigor 
following continued growth on artificial media. Consequently it was 
not so surprising to find that the various isolates differed in vegetative 
vigor or growth rate as it was to discover that isolates of Phymato- 
trichum omnworum responded differentially to the various combina- 
tions of iron, manganese, and zinc. 

FURTHER EXPERIMENTS WITH OTHER TRACE ELEMENTS 

ISarlier experiments have failed to demonstrate beneficial results 
from the addition of certain of the trace elements (aluminum, boron, 
etc.) to the purified solution when added to yield concentrations rang- 
ing from 1 to 10 p. p. in. Although these elements alone failed to 
give increases in mat weight, it was considered possible that if they 
were used in combination with iron, manganese, and zinc a further 
response in mat weight might be obtained. Accordingly, to the 
purified solution plus iron, manganese, and zinc (at 2 p. p. m. each) 
the elements were added singly to portions of the solution to give 
concentrations of 2, 4, or 10 p. p. m. The various treatments were 
set up in quadruplicate and were harvested after 21 days^ incubation 
at 28® C. The results of this experiment are summarized in table 8. 
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With regard to the differences between the elements, it may be stated 
that a preliminary analysis of variance was made for each rate in 
order to establish the differential response of the fungus to the 11 
elements under consideration when iron, manganese, and zinc were 
present. It was found that more than 58 mg. but less than 59 mg. 
was required for highly signifi(*ant differences between the means of 
any 2 elements at both 2 and 4 p. p. m. None of the elements was 
significantly better or poorer than the check at 2 p. }). m., nor at 
4 p. p. m. with the exception of nickel, which significantly depressed 
grow'th, and aluminum, wduch caused an increase over the check 
that approa(*hed significance. However, at both 2 and 4 j). p. m. 
certain of the better treatments could b(‘ differentia ted Irom the 
poorer. It did not seem wmrth wdiile to present the details of the sej)- 
arate analyses since the combined analysis at the 3 raters (table 9) 
seemed to bring out all the essential facts mentioned above, plus the 
additional information concerning rates and interactions of rateX 
clement. 


T'.MUiE 8.-- of Phpina(ntrich.uvi omnivormn to the addition c/ various 

eleincnls to a purified solution containing Fe, Mn. and Zn, incubated at C. 
for 21 days {experunent 120) 



Mean mat weight at— 


Klcment » 

2 p. p. m. i 

4 p. p. m. 

10 p. p. rn. 

Momi i 

Aluminum 

Mg. 1 

(505, 2 ' 

Mg. 

887. 8 

Mg. 

8:i.3. 7 

Mg. 

8:t5, 32 

Fluorine . - 

riHJ.o i 

842, 2 

f):38. 4 

832. 24 

Boron .. { 

(>11.8 i 

8:14. 2 

801.0 

81.5. 83 

Mercury.. . .. . ... 

bl7.7 i 

rm. 9 

818. 5 

1 812.04 

Silicon 

mi. 4 1 

814.4 

597. 4 

fHH). 42 

Iodine 

j m)2. 4 1 

818.9 

1 .580. 8 

.593. 34 

(^admium j 

57(». y i 

591.7 

589. 1 

58:3. 89 

Molybdenum 

! 5.5.3, 7 j 

5.50. f> 

: 578. 1 

.5»'i0. 79 

Cobalt 

»M>3. » 

570. 4 

4.3. :i 

405. 88 

Nickel.. - - 

.575. 5 I 

5:i5. 9 

i 14. 9 

375. 43 

Mean * .. 

1 594.85 ! 

802. :i4 

i 487. .50 



1 The following results, whioh were not inehnled in table 8 nor in the analysis given in table W, were 
secured with the elements or the checks iiuiicat.wl: Lithium at 4 p. j). m. gave 583. f) n)g.; 10 j). p. m., 572.2 rnp. 
Check with Fe, Mn, at»<i Zn at 2 n. p. m., but other trace elements absent, gave 008.0 mg. Check B, 
with Fe, Mn, and Zn at 2 p. ]>. m. and alst» lithium and all of the 10 trace elements listed in the above table 
at 2 j). p. m,. gave 577.3 ing. 

2 Difference required for significance (odds Kleii ents=*34.5l mg.; Rates^lS.OO mg. 

For the analysis only 10 of the 11 elements were considered, since 
the lithium series was not complete for all 3 rates. A subseciuent test 
with lithium showed no material difl’erence for rates at 2, 4, and 10 
1 ). p. m. Comparisons were made of the 10 elements at the 3 rates, 
and it will be observed that there was little difference between the 2 
lowest rates, the mean for 2 p. p. m. being 594.05 mg. and for 4 p. p. m. 
002.34 mg. The addition of cobalt or nickel at 10 p. p. m. resulted 
in almost complete inhibition of growth, whereas the other elements 
behaved very much as at 2 and 4 p. p. m. The depression of growth 
with the addition of cobalt or nickel at the rate of 10 p. p. m. resulted 
in a highly significant difference in the comparison of the mean of the 
rates of 2 plus 4 p. p. m. with 10 p. p. m. 

In the analysis, which includes all three rates, it is also evident 
that no element is distinctly superior to the check, but certain group 
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responses can be identified. In order to einpluisize this grouping, 
the 9 degrees of freedom for elements were broken down in the manner 
explained in footnote 2 of table 9 . 


Table 9. Analynis of variance for experiment 120 
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0.92 
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90 
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1 Ooinparisons ween rates; 

Ki = 2p. j). m. compared with 4 p. p. in. 

R 2 =Mean of rates 2 and 4 p. p. in. conii«ired with 1(» j). p. in. 

2 Comiiarisons between elemenfs: 

E I Co coiniiared with N i . 

.E 2 =Cd compared with Mo. 

Es-Si compared with J. 
compared with Hp. 

Eft^Al compared wMth F. 

Ee=Mmn effect of Si and 1 compared with mean effect of (’<1 and Mo. 

E 7 “Mean effect of A I and F coirifiared with mean effect of B and JIp. 

Es=Mean effect of Al, F. B, and Up ccinimreci with mean effect of Si, I, Cd, and Mo. 

Efl-Mean effect of Al, F, B, Up, Si. I, (M, and Mo compared with mean effect of Co and Ni. 

It will be noted that cobalt and nickel (comparison Ei) both iiiliibit 
growth almost completely at 10 p. p. in., nickel slightly more than 
cobalt. However, the difference in the extent to which gi’owth was 
depressed by these elements does not reach significance at the l-per- 
cent requirement. As is shown by the mean s(|uare values obtained 
for Es, Eg, E4, and Es, for comparison of cadmium with molybdenum, 
silicon with iodine, boron with mercury, and aluminum with fluorine, 
respectively, the individual differences are insignificant. Ee, showing 
the mean effect of silicon and iodine as compared with cadminm 
and molybdenum, reaches high significance, while E7, comparing the 
mean effect of aluminum and fluorine with boron and mercury, 
exceeds the 5 «percent but does not reach the 1 -percent requirement. 
In Eg the four elements aluminum, fluorine, boron, and mercury, 
which consistently gave higher values than the check series ( 608.9 
mg.), are compared with the next four elements, silicon, iodine, 
cadmium, and molybdenum. A highly significant F value is obtained 
for this comparison. The comparison of the mean effect of the eight 
elements considered in E^ with the mean of cobalt and nickel yields a 
high F value, as might be expected. For the interaction of rates X 
elements, a high F value is obtained, and a partial explanation of this 
is afforded by the fact that eight of the elements maintain a moderately 
constant mat weight at all rates as contrasted with the marked 
depression of mat weights with cobalt and nickel with increases in 
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concentration. Although the nutrient solution was highly favorable 
for growth of the organism, cobalt and nickel showed the same high 
degree of toxicity at 10 p. p. m. as was shown in earlier experiments on 
the purified solution to which iron, manganese, and zinc bad not been 
added following purification. However, cobalt does not show in this 
experiment the severely depressing effect at 4 p. p. ni. that resulted 
in the earlier experiments. 

A similar experiment was conducted on the unpurified solution 
with iron, manganese, and zinc, added at the rate of 2 j). p. m. each, 
and with the other elements added singly at the same rate. The 
mean weights, based upon five replicates of the various treatments, 
were as follows: 


Element added: 

Mg. 

Element added: 


Mg. 

B_ 

. 732. 4 

Mo- 


- 618. 9 

A1 - 

729.9 

F 


- 610. 1 

Cd 

718.3 

Hr.. - 



- 587. 7 

Si - 

. 704. 8 

Li- 


568. 5 

Control 

- 688. 1 

Co - . 


- 553. 3 

Ni.... 

- 674. 2 

I 

— 

. , 526. 6 


The difference required between means for significance at odds of 
99 : 1 was 138.6 mg. No significant increases in mat weight over 
the control were obtained through the addition of these elements, 
but it is of interest to note that boron and aluminum rank first and 
second, while in the preceding experiment they ranked third and 
first, respectively. Decreases in mat weight were obtained with the 
addition of a number of the elements, but only with iodine was the 
difference highly significant, although cobalt closely approached the 
requirement. 

On the basis of these experiments it may be concluded that the 
addition of the trace elements aluminum, boron, etc., to purified or 
unpurified solutions containing iron, manganese, and zinc fails to 
give significant increases in mat weight over that obtained with the 
iron-manganese-zinc combination alone. These results suggest that 
the trace elements in the former group are not essential to Phywato- 
trieJmm ownivorum or that they are furnished in sufficient quantities 
as impurities, either in the solution or in the inoculum piece, to insure 
good growth of the fungus. 

SUMMARY AND CONCLUSIONS 

In an effort to develop the most satisfactory medium possible for 
certain fundamental studies with the root rot organism {Phymato- 
irwhum omnivorurn)^ several experiments were made to find what 
elements are needed for optimum growth and the proper pro})ortion 
of each. 

Of the four trace elements copper, iron, manganese, and zinc, 
which were studied intensively in these experiments, it appeared that 
at least three are essential for the optimum growth of Phymatotrichum 
omnivorum. Preliminary studies revealed the surprising fact that a 
very much higher concentration of these elements was required than 
had been found to be the case for several of the organisms studied 
by other workers. 

Other trace elements — aluminum, boron, cadmium, cobalt, fluorine, 
iodine, lithium, mercury, molybdenum, nickel, and silicon— were 
found to be nonessential for optimum growth under the conditions 
employed in these studies. This was true whether iron, manganese. 
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and zinc were present or absent. It may be noted in passing that 
aluminum and boron were fairly consistent in giving a slight increase 
in growth over the control. Certain of the elements, particularly 
nickel and cobalt, were highly toxic at more than 4 p. p. m., in the 
purified solution, and some depression was caused at 4 p. p. m., 
particularly with nickel. 

The use of the factorial design provided a convenient and highly 
effective method for studying the reaction of the organism to these 
elements, particularly in evaluating interactions. 

In the standard solution, the addition of copper, iron, manganese, 
and zinc did not produce as good growth as could be obtained on 
the purified solutions to which these elements were added. Further- 
more, in the preliminary studies with un purified solution, it was 
believed that the amounts of impurities contained might be a serious 
factor in evaluating the response of the organism through additions 
of the elements. 

The results of three factorial experiments for determining th(^ 
effect of the j)resence or absence of cox)per, iron, manganese, and 
zinc in purified solutions are discussed. It was found that copper 
was somewhat valuable at 2 p. p. m. and unimportant at 5 p. p. m., 
and that it caused a slight depression at 10 j). p. m. With iron, 
manganese, and zinc present, very marked increases in growth 
occurred, much more so than could be ac(*ounted for by summation 
of their effects when used singly, thereby indicating very important 
interactions. Interaction was greatest for combinations of iron and 
zinc and manganese and zinc. 

In subsequent factorial experijuents it developed that the un|)ijri- 
fied solution gave results equal or sui)erior to those obtained with 
the purified solution, provided (‘opper was entirely omitted and iron, 
manganese, and zinc were employed in about the same ratios. It 
seemed to matter little whether these rates were 2 -2 2 or 5 -5 5 
p. p. m., although later experiments indicted that the 2 2 2 ]). p. in. 
rate might be considered as optimum for growth of the organism in 
the unpurified solution. The unpurified solution was extremely 
sensitive to the addition of copper and was very much more sensitive 
than the purified solution to increasing concentrations of iron and 
zinc, particularly the latter. 

In further experiments in which iron and zinc were varied at four 
different levels each, while manganese was held constant at 2 p. p. m., 
the importance of these relative ratios became further evident and the 
harmful effects resulting from an unbalanced condition were stressed, 
particularly in the inhibiting effects of increased concentrations of 
zinc in relation to the iron concentration. One unexplained anomaly 
was the depressing effect of iron at 10 p. p. m. in the unpurified solu- 
tion, an effect which largely disappeared at higher concentrations. 

In an attempt to determine whether continued growth on artificial 
media had resulted in the deterioration of the various isolates of the 
organism, and whether all isolates would utilize equally well the 
elements that had been shown to be necessary for optimum growth, 
three new isolates of Phymatotrichum omnivorum were compared with 
each other and with the standard strain, which had been in culture 
for over a year. The results showed that these isolates could be 
distinguished by their rate of growth and by their ability to utilize 
different combinations of iron, manganese, andfzinc. 
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THEORETICAL ANALYSIS OF SMOKE -COLUMN 
VISIBILITY* 

By H. D. Bruce 

(^hemist, Cnlijomia Formal and Tiange Expe/rinienl t^lation,'^ Forest Sendee, United 
States Department of Agriculture 

INTRODUCTION 

As part of a goravral forost-fire-roscarch program in r(‘.C(uit years, 
considoral)le inquiry lias boon made into the visibility of smoko fr-oin 
forest fires in an attempt to answer the que^stions: How far can a 
lookout see a smoke? What are the factors upon which tliis visual 
range depends? In what way and to what (extent do these factors 
(*xert their influence? In the answer to these (piestions are embodied 
principles upon which a forest-fire-det(^ction system should be based 
and upon wdiich practical administrative action should be taken in 
estal)lishing lookouts and in posting supplementary observers in time 
of emergency. 

Byram { 4 ) ^ has observed variations in visibility distance witli haze 
of a small smoke against a black background and has reasoned that 
this visibility distance would be modified by variations in background 
brightness, position of the sun, illumination, and magnification or 
increase in size of tlie smoke body. Buck and Fons { 2 ) made a lab- 
oratory study of the effect of direction of illumination and of suspen- 
soid (‘oncentration upon smoke brightness and Buck (/), by analysis 
of forest-fire disco very-tinu' data, lias stressed the importance of the 
angl(» betw^ecui sun, smoke, and observer as influencing visibility. 
There^ is need for a mor(‘ complete* theoretical analysis of this problem, 
starting from defined fundamental properties, wdth a clear under- 
standing of the assumptions and approximations involved. Such an 
analysis should serv(> as a basis for the development of ideas and for 
the improvement and standardization of techniques. 

With this aim in mind this paper was firepared, not in any attcunpt 
to solve th(^ whole iiroblem of smoke visibility, but rather to treat 
of the tluHiretical as])(*cts and to dev(*top ecpuitions for visual smoke 
range t-o the point wheri^ experimental observations are required to 
evaluati* constants and to determine unknown functions. The ecpia- 
tions, if acceptable, should serve as a working hypothesis and guide in 
the experimentation needed for complete or practical solution of the 
problem. 

GLOSSARY OF SYMBOLS 
Light flux entering the observer's eye. 

d<f> — Flux reaching the eye from an infinitesimal element of surface da. 

— Flux reaching the eye from the haze between the ol>server and the 
smoke. 

02 — Flux reaching the eye from the smoke. 


> Rm^ivod for publication August 7, 1940. 
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<^3— Flux reaching the eye from the haze between the smoke and the back- 
ground. 

^4 — Flux reaching the eye from the background in the direction adjacent to 
the smoke column. 

</»5~F1ux reaching the eye from the background in the direction of the smoke 
column. 

— Flux reaching the eye from the haze between the observer and the back- 
ground in the direction adjacent to the smoke column. 

</>, — Flux reaching the eye from the direction of the smoke column. 

reaching the eye from the direction of the background adjacent to 
the smoke column. 

a-=Area in the field of view perpendicular to the line of sight. 

da — An infinitesimal element of the surface a. 

A Apparent reflectance ( 9 ) of an element of the background adjacent to 
the smoke column; also used with subscripts 5, and e to refer to the 
sunlight, skylight, and earthlight respectively. Apparent luminous 
reflectance is the ratio of light reflected to light incident on i, perfectly 
diffusing surface of such reflectance that it has the same brightness, 
viewed at close range, as the sample surface similarly illuminated and 
viewed. It is a function of the spectral and angular distribution of the 
incident light and of the direction of view. If the surface were per- 
fectly difflising, A might be regarded as the intrinsic brightness of the 
background and as equal to the diffuse reflection coefficient. 

Brightness, in general. 

Bb= Apparent brightness of the background, viewed at a distance. 

iJ'fc— Apparant brightness of the background, viewed at close range. 

= Apparent brightness of the smoke, viewed at a distance against a terres- 
trial background. 

Apparent brightness of the smoke, viewed at a distance against the hori- 
zon sky. 

B', 6= Apparent brightness of the smoke, viewed at close range against a terres- 
trial background. 

B', A — Apparent brightness of the smoke, viewed at close range against the 
horizon sky. 

Ba== Apparent brightness of the horizon sky adjacent to the smoke column or 
to the background. 

/--Distance from the observer to the background. 

/' Distance from the observer to the smoke. 

/* — That particular value of V at which the smoke can barely be distin- 
guished. 

v— The fractional difference between two brightnesses barely distinguishable 
by the normal human eye. 

x— General distance along the eye-to-smoke axis. 

Zi — The angular scattering function for an average particle of hazy atmos- 
phere. Zi is a function of the spacial distribution of the light incident 
upon the particle as well as of the distribution of the scattered light. 

Za — The angular scattering function for an average particle in a volume of 
smoke. Z2 is a function both of the spacial distribution of the light 
incident upon the particle and of the scattered distribution. 

Aw — The solid angle subtended by the pupil of the observer’s eye at the ele- 
ment da. 

p — The coefficient of light attenuation by the hazy atmosphere, defined by 
dl ~ —pidx in wliich dl symbolizes the change in transmitted intensity 
due to scattering and absorption in an incident beam of intensity I in 
the distance dx. (1 —p) —transmission coefficient, p — scattering f 
absorption coefficients. €-p»=the fraction of the incident light trans- 
mitted through a distance x of hazy atmosphere. 

a— The scattering coefficient of the hazy atmosphere, defined by dl^ — 
aldx, in which dl represents the change in transmitted intensity due 
to scattering alone. 

<r— The coefficient of light attenuation by the smoke (analogous to p for 
the haze). 

y— The scattering coefficient of the smoke (analogous to a). 

oi — The scattering power of a single average particle of the hazy atmosphere. 

7i=The scattering power of a single average particle of the volume of smoke. 

Number of scattering particles. 

c= Volume concentration of scattering particles. 
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The angle of deviation for sunlight of the scattered ray from the path of 
the incident ray. 

^^The angle of inclination of the earth-surface element from the horizontal 
toward the observer. 

< — Effective thickness or diameter of the smoke column. 

d— Mean effective length of the path of the illuminating light from the 
outer surface into the body of the smoke column. 

/ — Intcn.sity of incident illumination; also used with subscripts /i, and e 
to refer to the sunlight, skvlight, and earthlight, respectively. 

te--Wind intensity. 

m— Magnification. 

GENERAL THEORY 

A smoko is visiblo largely because of a coutrast in brightness with 
the adjacent background.^ This contrast may bo expressed in terms 
of the ^Vx)ntrast ratio’’ defined as follows: 

/ V 4 .4 . 4* _ Apparent brightness of the l)ackground 

Appanuit brightness of the smoke column 

Ordinarily, the smok(‘ will appear brighter than its background 
and the contrast ratio will vary between zero and unity. Zero would 
mean extreme contrast and maximum visibility. At a ratio of 1, 
there would be no contrast and the smoke could not be discerned. 
A sooty smoke or a dense smoke illuminated from behind may appear 
darker than its backgroimd, espc^cially if the latter be the horizon sky, 
and the contrast ratio as defined would then be greater than unity. 

An expression is rc'.quircd for th('. contrast ratio betw^een a smoke 
column and its background in terms of defined and measurable 
quantities. 

Consider an eyi* observing a distant smoke against a solid back- 
ground as repres(‘nt(‘d in figure 1 . The luminous flux to enti'r the pupil 
of the eye from the two directions shown will be 0/ and The 
former will consist of the sum of ft^nd (^5. The latter will 

equal </>4+</)6. Our jirocedure will be to express each one of the 
quantities </)2, <^>3, ^4, and separately in order to determine 4 >s 
and Then, by changing </>, flux, to brightness, we will have 
and Bf,^ the ratio of which will be the contrast ratio that we seek. 

It is assumed that in all cases essentially white light or light of con- 
stant hue is involved. 

FLUX FROM THE BACKGROUND (#>4 AND 

Imagine an observer viewing a distant background. Ilis eye will 
focus upon only om* surface element at a time, and no more than the 
one need be considered, since any other would be brought to a focus on 
the retina at a difTerent point, and it is assumed that the immediate 
background is of uniform brightness. Let the projection of the 
element perpendicular to the line of sight be da and the amount of 
light flux to reach the eye from the element be Consider the 

background surface inclined toward the observer at an angle ^ from 
the horizontal, and assume the normal to the plane of the element to 

♦ Thpre is also somp conlrast in hue, but it is very slight for .smokes at such a distanct* that they are barely 
distinguishable. Acxrordingly, in this study hue contrast is considered negligible. Movement plays its 
part in enabling the observer to conclude that some foreign aspect of the landscape is or is not smoke, but 
not in rendering that object initially visible. 

» All tonn.s are defined in the Glossary of Symbols, pp. 161-163. 
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lie in the plane through the sun a'nd the line of sight. Under these 
conditions, the point observed would be the high light if the back- 
ground were glossy; hence a natural background would be of maximum 
brightness and a smoke viewed against it would be least apparent. 

Consider for the moment sun illumination only. The background 



will be illuminated by sunlight at an angle B, as illustrated in figure' 2. 
From the projected element of surface da a certain amount of sunliglit 
will be reflected through the solid angle Ao) and will enter the pupil. 
If Is be the full intensity of the sunlight, the illumination in terms 
of flux per unit an^a on the inclined surface is /, sin (0 — ^). The 



Figure 2. — Scheniatic drawing to show flux reaching the eye of an observer 
viewing a distant background illuminated by sunlight. 


apparent reflected sunlight flux from unit surface is IsAs sin (B—\l/), 
and from the element of surface is IgAg sin (^— ^) da, — As sin 

TT 

da Aw is the portion of this reflected flux directed towards the 
eye and, since this flux will be diminished by attenuation in transit, the 
sunlight flux to enter the pupil will be 

— As sin (0—^) da Aw 
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in which e"p^ is tlie fraction of the light transmitted through a distance 
I of hazy atmosphere of attenuation coefficient p. 

The element of surface is illuminated not only by sunlight but also 
by skylight and earthlight. These illuminations depend on xj/ in an 
unknown manner, for which the general symbols //,(^) and/eC^) will 
be used to denote th(^ surface integrals betw(>en the normal to the 
earth -surface element and the horizon over the sky and the earth, 
respectively. Thus the skylight flux to reach the ey(^ from the 
surface clement will be lhA}Jh{4^) da Aw er^^ and the earthlight flux 
will be I^AJf{xp) da> Aw e~p\ 

The total flux, r/</) 4 , to reach th(‘. (^ye from the earth-surface eh^ment 
will be the sum of the above three quantities. 

d(t} 4 ^~^ As sin {B—4/) da Aw er p^ -V I hA h(^) da Aw e~p^ 

TT 

+ hAtJt {^) da Aw e~p^ (1) 

The first (sunlight) t(U*m of the right-hand sid(' of equation (1) is 
ordinaj-ily the predominating one, but it would be absent when the 
sky is compl(‘tely ov(Mcast or when the background is in shadow. 
The sunlight term has no rc^al physical signifi(*ance when (B—xp) is 
negativ(‘. When B-- xp, tlnuc^ will be grazing incidence and Z(^ro 
illumination by tlu' sunlight. The third (earthlight ) term is probably 
negligible exc(‘pt wlu'n tlu' (‘arth is blanketed with snow. 

For the sake of simplicity, equation (1) may be pvit in tln^ form 

d<t>^^IA f(ByXp) da Aw e'‘p^ (2) 

in which 1 is the intensity of illumination from all sources and A is 
th(' concomitant apparimi luminous rc'flectance. 

Should the light from the background pass through a volume of 
smok(‘ of att(Miuation coefficient a and thickm^ss t, the llux to reach 
th(* eye would be d<t>r,. 

d<t}s^d<f} 4 er^'=IA f{BfXp) da Aw e~p'e~^^ 01) 

For very dark backgrounds and for very dense smok(*s d<p^ l)ecomes 
iHgligible. 

FLUX FROM THE HAZE BETW^EEN OBSERVER AND BACKGROUND, 0,-, 

To obtain d<p^^ let da now^ nypresent tlie surface of an infinitesimal 
cyclinder of haze of length dx (fig. 3). Imagine a myriad of very 
small particles in this cylindrical element of volume, each scattering 
independently of the others, so that the scattered intiuisity is propor- 
tional to the number of particles. 

The intensity of the light scattered in any particular direction by 
the infinitesimal volume of hazy air will be proportional to the inci- 
dent intensity /, to the number dn of scattering centers in the volume 
and to the ability ai of each particle to scatter light. The propor- 
tionality constant Z\ involves the angular distribution of the incident 
light as well as the angular distribution of the scattered light. «] 
is characteristic of the air molecules and haze particles and represents 
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a weighted mean for the diversity of kind, size, and shape of scatter- 
ing particles present. Hence the total light flux scattered by the 
elemental volume as in figure 3 will b('. proportional to 1 dn ai, or 
lai c da dx, or I a da dx in which ax. The flux scattered in the 
direction of the eye will be Zi I a da dx Aoj and, of this, Zi I a da dx 
Aw will reach the eye and enter the pupil. This quantity 
summed up for every similar little element of haze between the 
observer and the background will be d<t>^. 

d<t>^ ~ZxIa da A w r ert^^dx — Zi / rfa A w ^ ( 1 — “^0 (4 ) 

Jo p 

In this integration a uniform haze is assumed to exist b(>tween the 
eye and the background, and the line of sight is assumed to b(‘ uni- 
formly illuminated by sunlight, skylight, and earthlight. This latter 
assumption would b(» severely violated by an unusually bright or 





dark cloud on that part of the horizon which is near th(‘ smoke col- 
umn, or by a shadow cast by a heavy cloud over a part of tin* line of 
sight. 

FLUX FROM THE HAZE BETWEEN OBSERVER AND SMOKE, 

In analogy to equation (4), we may write at once 

d<t>i—ZiI da Aw ^(1 — (5) 


FLUX FROM THE HAZE BETWEEN SMOKE AND BACKGROUND, 0s 


In analogy to equation (4) excerpt that in this cas(‘ the haze light 
►asses through the smoke, which transmits only the fraction wt^ 
ave 


d<t>^=ZiI da Aw ae ^ ^^dx 


d03=Zi7 da Aw — e 


( 6 ) 


For dense smoke and smokes close to the background is negligible. 
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FLUX FROM THE SMOKE COLUMN, 

Consider, now, only light scattered from the smoke column. If 
the angular scattering function for a smoke particle ® be and if / 
be the incident intensity from all sources, then Z2 I dn 71 is the scat- 
tered intensity in a particular direction, such as the direction of the 
observer, i. e., the flux sent through unit solid angle from dn particles 
of the matter comprising a volume of the smoke, each on the average 
with ability to scatter flux denoted by 71. Like Zi, Z2 is a function 
of the incident distribution as well as of the sacttered distribution. 

Considering the dn particles to be in a cylindrical volume of smoke 
of da face area and dx length, the intensity of the illumination on this 
elemental volunu^ will be I and the total scattered flux will be 
proportional to le"’^^ 7i dn, or ler'^^y^ c da dx, or I 7 da dx in which 
c=the concentration of scattering particles in the smoke, and 7=^71. 



Ficjurf. 4. — Schematic drawing to show flux reachitig Uie eye of an observer 
viewing an element of smoke illuminated by sunlight. 


Tln^ flux scattered in the direction of the eye subtcuiding the angle 
Aw will be Zo ly da dx Acaer^^. Of this flux scattered from the (‘lemental 
volume of smoke toward the (\ye, th(‘ flux to reach the front edge of 
the smoke column will be Z2 / 7 da dx Aw This is illus- 

trated in figure 4. The flux scattered from the voIuiik' t da toward the 
eye is 

Z.2/7 da Aw I or Z2I- da Aw (l — e~^^)e~^'^ (7) 

Jr V 

In this integration it is assumed that 7 and <r are not functions of x; 
that is, that the smoke concentration is uniform in all parts, d, by 
definition, is not a function of x. 

The flux to reach the eye from the volume t da is r/<^2- 

d 42 ~Z 2 l- da Aw (8) 

<r 

« Since the particles which scatter light are not only the 8inokt‘ ash susix'nsoitl but also droplets of water 
vapor and molecules of gas and air, all both charged and uncharged, Zt must include the effective scattered 
light distribulkm for the mixture as encountered in practice. 
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APPARENT BRIGHTNESS OP A BACKGROUND 

Tlio Imninous flux which roaches the obsorv(?r’s oyo from the direc- 
tion of the background is 06. It comes not only from tfio background 
but also from the intervening liaze, as shown in figun^ 1 . Whence, 

d<i)h~d(l>4 Ad<t>c, 

By equations (2) and (4) 

d(f},,— IAf(df\l/) d(i Aw da Aw ^(1 ( 0 ) 

Since bi*ight-ness is (h^fuuMl as flux per unit solid angle |)er unit area, 

( 10 ) 

with wliich equaiion (9) may be converted to 

B„=IAf{e,,p)e-«‘-]-ZJ- (1 -e-o') ( 1 1 ) 

P 


APPARENT BRIGHTNEvSS OF A SMOKE (X)LITMN 

The luminous flux which reaches the ol)serv(»r’s (‘ye from the diren*- 
tion of the smoke column is 0.,. It arises from four sourc(‘s as shown 
in figure 1: 

d<t>s~d<l>\ "I' dxt>2 -f d 0a “i (/0r, 

By equations (5), (8), (0), (‘1), «'Tk1 (10), 

P 

P 

THE CONTRAST RATIO 

B 

By (h^finition, contrast ratio — W-; which bv e(jualions (11) and (12) 

M*sh 

becomes 

„ A}(e,4,)e-piJrZi"{\-er'‘l) 

, P 

Z,- (,\-e-p‘')+Z.!^(\ -er-‘)e-'’^e-pi' + Zx~ (e-pi' ~e-p>)e-’>Jr AJ{B,>P)t-p'e •' 

p cr p 

(13) 

From the standpoint of forest-fire detection tlu' important quantity 
is l*y the maximum distance that a smoke of defined characteristics 
can be seem . The distance of the smoke from the observer /' becomes 
/* when the contrast ratio has the value (l±r), in which v is the 
threshold of brightness contrast. Making this substitution in (13) 
and arranging explicitly for I* we have 

.- Ifi — - — — ^ — 

^ f ± P p er<^>(rpf) ™ Am^p)e 
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Equation (14) symbolizes the maximum distance that a smoke of 
defined characteristics 7, 2 and t can be seen by ati eye of normal 
vision V, in terms of the haziness of tlie atmosphere p and a, the dis- 
tance I of the background, the distribution of the incident light and 
reflection charactc^ristics of tlie background A, the inclination \p of 
the background, the dirc'ction 0 of tin*, sim^s rays, and two quantities, 
Zi and Z2, which are functions of the distribution of the incident and 
scattered light, respectively for atmospheric haze and the kind of 
smoke under observation. The cancellation of 1 from equation (13) 
so that it does not appear in (14) indicates that intensity of illumina- 
tion, within those limits beyond which it may effect r, has no influence 
upon the visibility of a smoke. 

Th(* preceding discourse has been a purely theoretical develoi)ment 
of a com])lete expression for the visibility of a smoke column in terms 
of fundamental ])rop(U*ties of smoke, haze, and background. If the 
result (equation 14) were simpler, /*, would be immediately calculated 
by (‘valuating all quantities on the right-hand side of the equation. 
Tliis is not feasible in an expression of such complexity, which, for 
practical use, must first be simplified. In the following simplifica- 
tion certain reasonabh'. approximations are made, indefinite functions 
are replaced by quantities amenable to (experimental determination, 
and variables of minor importance are omitted entirely from considera- 
tion. Further, in order to allow for vagari(\s of smoke, it is suggC'^ted 
that c(‘rtain composite functions of variables be cn aluated from observa- 
tions of /* mad(^ on actual smok('s. 


A SIMPLIFICATION OF EQUATION (14) ^ 

Th(». form of (‘(|uation (14) can be improved by tlie use of “close-u])’' 
brightness ratios as follows: 

ELIMINATION OF Z, 

In figure 3, if the eye be direct(Kl towards the horizon sky, the flux 
to enter the pupil would be expn'ssed by equation (4) with I set at 

inlinitv, namely, Z] /da Aw — This ({uantitv, divkh'd by da A03, is 

p 

the horizon brightness, Bn- 

( 15 ) 

P 


ELIMINATION OF Z?. a, y, AND t. 


The light flux from the direction of the smoke reaching an observer 

. - - 111 d02 d</>3 -]- d<j|!>5 1 y 

standing (dose in front of the smoke would be —r, • rlenci‘, 

from equations (8), (0), and (3), the brightmrss of a smoke 

viewed at close range against a terrestrial background, would be 


( 10 ) 

^ The writer is indebted to Deane B. Judd of the Colorimetry Section of the Bureau of Standards, W ashinp- 
ton, D. C., for suggesting tiie use of the conception of apparent luminous reflectanw and “close-upV bright- 
ness ratios employed in the simplification of equation (14). 


B 
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ELIMINATION OF Am^) 

When the background is viewed at close range, hecomesB'i, 
and equation (11), for /=(), becomes 

(17) 

Substituting from (15), (16), and (17) in equation (13) the ex- 
pression for the contrast ratio becomes 


B;, 


and equation (14) becomes 
1 


I* 


In 


■ B, 


1 


1 


+ 1 -. 



(18) 


(19) 


ELIMINATION OF I 


For practical purposes it would seem possible^ to eliminate' one more 
variable by assuming the background to be always a certain small 
distance beyond the smoke, as, for instance, 0.1 mile for smokes on 
the near side of a mountain ridge, and 3 miles for smokes on the crest 
or remote side of a ridge, values best determined by field study of 
each locality. This having been done, equation (19) could be written 
in the form: 


P ±V 


(20) 


in which 14* would bc! assigned the particular valiu' decided upon. 

Equation (20) is a pleasing simplification of equation (14). It 
implies that when v and 14* have been established for actual field 
conditions, the maximum distance that a givtui smoke could bc seen 


B' B' 

depends upon three quantities p, and -fy-i functions of the haze, 

of the background, of the smoke, and of the manner of illumination. 
It leaves unsolved the difficult problem of evaluating the close-up 
ratios in terms of the nature of the background, the haze, the smoke, 
the illumination, and the sun^s azimuth. 


VISIBILITY DISTANCE OF SMOKE AGAINST THE HORIZON 

In the foregoing, the lookout has been considered to be observing 
the smoke against a mountainous background. The smoke may of 
course be viewed against the sky. Any formula derived above can 
bc changed to meet this alteration of conditions by setting B\—Bn 
and Z==oo . 

B'ai, then becomes J?'*/,, and Bst> becomes Bgn, 

Equation (14) for horizon background becomes 

l*=^lln^ - 1 -^ & 

p 2 “ 

'p 1±» 


( 21 ) 



Feb. 1,1941 Theoretical Analysis of Smoke-CoJurnn Visibility 171 


Similarly, equation (20) takes the form 



In terms of the fundamental quantities, with Z' = 0 

and I — 00 , or 

(23) 

(T p 

which shows B',/, to depend on illumination and on characteristics of 
tlie smoke and haze. 

VISIBILITY AND APPARENT SIZE OF SMOKE COLUMN 

No mention has been made of tlui size of the smoke, although the 
maximum distance a smoke can be seen depends on its apparent 
dimensions, particularly the subtended angular width. It would 
siaun possible to allow for size as a formal variable by considering that, 
wh(u*(ms V may be* constant for neuitral objects of lai-ge to moderate 
apparent size, it is not constant for objects of small subtended angular 
dirneuisions. Ind(*(Hl, v is appreK*iably large^r above 2 minutes and 
must be*- rather great for objects approaching the minimum angle of 
visual resolution. Me)reover, the^se small angles may be especially 
important in forest-fire smoke defection. 

tinder good laboratory conelitions, v is often taken to be 0.02, 
but actually it is a rnany-functioned variable dependent upon illumina- 
tion, glare, adaptation of the eye, sharpness of image, as well as size 
and shape of object. Consequently, it would seem necessary to deter- 
mine tJ from actual smokes under typical field conditions and thus to 
relate* v experimentally to apparent size. In this way v would be 
expressed as a function of the subtended width, t/l*, perhaps as an 
empirical equation of the form 

r=p(Z//*)-«-|-r (24)8 

After evaluation, equation (24) may be utilized to replace v in 
(14) and (20) with its equivalent function in terms of t and /*. The 
resulting ecpiations would involve I* as the only unknown and would- 
be solutions of the problem for both size of smoke and brightness of 
smoke. 

A telescope has the effect of increasing apparc'iit dimensions without 
altering relative brightnesses. It might be argued that binoculars 

could be used to increase the subtended angular width to mrp (in 

which m is the magnification) and to extend correspondingly the 

8 The constants p, g, and r in equation (24) may be evaluated approximately to give 

o»23.10-«(</f*)-‘'a+0.03 

from the data of Helmholtz as presented by Middleton (10, p. St). This equation luay be substantially cor- 
rect for subtended angles down to one-fourth minute. Nearly the same equation holds for Byram ’s observa- 
tions (4) on smoke, v being obtained by applying equation (14) to his data and conditions, on the assumption 
that the diameter of the smoke body at the time of observation varied regularly with distance from 8 to 12 
feet. Assuming a constant diameter of 10 feet, Byram’s data lead to the relation, 

i;=0.021+1.18.10-»(/*O. 
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radius of vision. In practi(*e, however, binoeAilars are rarely used to 
detect forest-fire smokes. Rather are they used to identify a smoke 
as such after it has been discovered. A magnification of m times is 
not the equivalent of an mfold increase in smoke diameter. The 
former increases visibility through increase in subtended angle, the 
latter not only through increase in subtended angle but also through 
increase in brightness b(‘cause of greater smoke depth along the liru^ 
of sight. 

SMOKE VISIBILITY AND WIND 

Visibility of the smoke from an incipient forest fire is influenced to 
an important extent by wind intensity and turbulence, velocity 
gradient, and wind direction relative to the observer-smoke axis. 
This influence is quite complex and is exerted through inc.rease in the 
rate of burning, control of the completeness of combustion and of tlu^ 
amount and quality of suspensoid, dispersion of the suspensoid and 
lowering of its corK^entration, change in tlu^ size and volume of the 
smoke, and alteration of the geometrical shape and the depth through 
whi(ih the observer sights. The effect of wind is thus upon size f, 

optical concentration cr, and quality Since I* has been expre^ssed 

in terms of these quantities, wind as a sc'parate variable has not 
entered into the theory. Nevertheless, in pra(‘.tical expeiimtuitation 
upon smoke visibility, in view of the impossibility of producing a 
smoke column always of given diameter, concentration, and quality 
and of the difficulty of measuring these quantities, it may prove 
e^xpedient to evolve suspensoid at a constant rate by artificial control 
and then to asc(yrtain the effect of wind on the visibility of tin', smoke 
thus produced. This procedure will be discussed below^ under ])ro- 
posal III for the estimation of smoke-visibility distance. 

THE “STANDARD SMALL SMOKE” 

To the question, ^TIow far can a smoke be seen?” no answer can be 
given without first asking, “What kind of a smoke?” Throughout 
the above discussion we have constantly employed such phrases as 
“a given smoke” or “a smoke of defined characteristics.” By given 
or defiiied is meant that the values for 7 , a, and t of the smoke are 
known or that the quality, concentration, and size have been otherwise 
established. 

It has been CAistomary in experimental work on smoke to employ 
uniformly-formulated smoke compounds in the form of candles or 
pots to evolve a smoke or fume which is referred to as the “standard 
small smoke.” Although a single arbitrary smoke can fulfill only one 
set of 7 , <r, and t values, and the permissibility of taking this “standard 
smoke” as a unit of measuremeTit is questionable, it is both simple 
and convenient to express visibility as the distance at which such a 
standard small smoke can be seen. 

Although the standard small smoke must be chosen arbitrarily, to be 
serviceable it should be made to duplicate in appearance tymeal 
smokes as they are first detected in fire-protection practice. This 
duplication must be in respect to all the properties of smoke that 
enter into equation (14), namely size, t, optical concertration, er. 



Fob. ). 1941 TJy ordical ^na/?/.s*is* of Smoke-Column Visibility 


173 


quality (largely sootiuoss), —y and angular scatttu-ing function, Z 2 . 

If the standard smoke chosen be too small, its visibility may be deter- 
mined almost wholly by subtended angular width; such factors as 
position of the sun and optical density of the haze, which ordinarily 
are very important, may be insignificant. In other words, the chosen 
smoke must be typical in size and concentration; it must not be whiter 
or darker, heavier or lighter, than the just-detected smokes from the 
forest fuel of chief interest; and it must look like the latter from all 
directions. If these conditions are met the calculated visual distances 
will be of the same order of magnitude as distances encountered in 
practice. 

ESTIMATION OF SMOKE VISIBILITY DISTANCE 


For the practical utilization of this theory of smoke visibility, 
several procedim^s suggest themselves. In equation (14), 12 inde- 
pendent variables compose the maximum visibility distance, /*. 
Limiting consideration to a standardized smoke reduces these 12 to 9. 
Not all 9 are of equal importance and some may be neglected, taken 
as constant, or expre^ssed only qualitatively without greatly increasing 
the standard error in th(‘ estimation of /*. It would secun possible 
to avoid the compli(*ation of 2 of these 9 (/ and v) by the following 
expedients. 

Equation (14) may be thrown into the following form: 






( 


- t 

Z\a]fi 



-"0 J - 
■t V 


") 


Z,y 
'Z f tr 



(25) 


in which I is introduced as the difference (/-/*), which better elucidates 
its physical role. Betwecm the smoko column and the background 
there exists illuminated haze scattering light to the eye of the ob- 
server, imposing added brightness upon the background, and diminish- 
ing the contrast ratio. In forest-fire-d(>tection systems, lookouts are 
so statioTied that the major portion of the forest area is in direct view. 
Accordingly, smokes are usually seen with rising ground or ridges as 
backgrounds. Under these circumstances (/-/*) would b(', small, 
possibly negligible, and could often be taken as constant without 
much error. 

Instead of measuring every independent factor and then calculatiiur 
the dependent variable (/*), it is desirable to observe the latter directly, 
in order empiricallv to evaluate functions and quantities that do not 
easily lend themsefves to direct measurement. To observe I* in this 
way lias the advantage of automatically including the funciion of the 
vision V and introducing its effect into all empirical relationships so 
determined. This is the method advocated in all but the final pro- 
posal listed below. 

In these proposals are successively included the more important 
variables, leading progressively to increasing complexity but to 
diminishing standard error in the estimation of /*. That proposal 
should be chosen which fulfills the required accuracy without too 
great complication. 
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I. Equation (14) might be reduced in form to in which P 

P 

is the complex logarithm which, for the purpose of extreme simpli- 
fication, would be taken as a constant and evaluated by observing the 
distance (/*) that the standard small smoke could be seen through a 
hazy atmosphere of attenuation coefficient p. In view of the de- 
pendence of the more? distant observations upon Vj as explained above, 


it would be more rational to plot the data m the form I* vs. — and thus 

P 

to allow for the possibility of finding pZ* somewhat less at high values 
of Z* than at low values. 

This plot might be made for two conditions, smoke in sunlight and 
smoke in shade. 

The coefficient, p, can be evaluated by a hazemeter (3) which on 
the basis of the Koschmieder (6) (7) equation. 


Bn 


==: 1 _ 




can be used to measure the ratio of the horizon brightness to the 
brightness of a black target, Z miles away; or, following the suggestion 
and equation of Lohle (^), 

Bi 


the brightness ratio of two black targets at different distances, Zi and h 
from the observer. Both equations assuim* uniform haze and uniform 
illumination oyer the line oi sight. 


II. Equation (14) might be rewritten as Z* in which Q is assumed 


to be a function of 6 only. B is the supplement of the angle between 
observer, smoke, and sun, the smoke being at the vertex. Since the 
sun^s rays are parallel, 6 is also the angle between sun, observer, and 
smoke, with the observer at the vertex. Of the several variables 
on which Q actually depends, 6 is chosen as one of primary importance. 
From this suggestion, Z*, p, and 6 would be determined for the standard 
small smoke. From these data Q (=pZ*) would be plotted in graphic 
relation to or preferably, because of the possible effect of t?, Z* 
against 6 with p as a third variable. Thereafter, with 6 and p known, 
Z* for the standard small smoke could be estimated from this plot to 
the degree of accuracy allowed by the above assumption. This plot 
might be made for smoke in shade as well as for smoke in sunlight. 

III. It is probable that the standard error of proposal II would 
still be too high for reasonable satisfaction and that the independent 
variables of next greatest importance should be included. These may 


be Z, (T, and which, despite the fact that a standard smoke is being 

considered, are not constant but are influenced by wind which acts 
directly on size, shape, and density of the smoke column.® In view 


* Air temperature aud relative humidity have effects ou smoke, hut for atmospheres of the forest-fire 
season well above the dew point, they may not be of major importance. 
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of the influence of the wind, equation (14) could take the tom /* — — ? 

in which R would be considered a function not only of 6 but also of w, 
the wind intensity. In this case, experimental data on the standard 
small smoke would be gathered for Z*, p, 0, and w and a plot made of 
R ( = pZ*) against 6 for various wind intensities, as illustrated in figure 
5 (in which the curves are drawn ‘‘wavy'’ to indicate that their true 
forms are as yet unknown). 

As mentioned in the discussion of smok('> visibility and wind, the 
direction of the wind relative to the observer’s line of sight is im- 
portant. A smoke being blown along this axis would undoubtedly 
be more clearly visible than the same smoke moving across' the axis. 
Limitation of experimental observations to smoke in the cross wind, 
as far as practicabh', would make the estimated value of /* teml 
toward a minimum. The alterna- 
tive would be to deteimine the data 
of figure 5 for both cross and longi- 
tudinal winds and possibly for 
intermediate directions. 

Furthermore, since the vertical 
distribution of wind is different for 
different forest types (open grass- 
land, brush, and woodlands) (5) 
and since the diffusion of smoke as 
it rises through the forest canoj)y is 
influenced by this v(^rtical distribu- 
tion, the cover type in which visi- 
bility obs(^rvations arc made should 
bo specified. 9 

Since pi* may vary with r when 5. -Illustration of tl.e way 

all other factors are held constant, the relation between R, 6, and w 
prehirable to figure 5 would be a inay be shown graphically for par- 
three-dimensional figure with /* ticular types of illumination, wind 
plotted on one axis. ® 

JV. Of the variables affecting vsiibility distance, procedure JIl 
includes only tliree, and leaves it understood that all variations in 
background, illumination of background, illumination of smoke and 
haze, and quality of haze, are relatively immaterial. Of these, the 
one that should next be considered is probably background, symbolized 
by A in equation (14). For practical purposes descriptive terms 
might be employed such as ponderosa pine woods, yellow grass, gray 
snag field, brown talus rock, etc. Accordingly, to allow to back- 
ground differences, the graph shown in III would be considered as 
limited to one particular type of background. 

V. The angle of inclination occurring as one of the factors in 
equation (14), might be expressed in terms of degrees or percent 
slope. Practically, however, ^ is of minor importance as long as the 
earth element is not inclined so far as to approach grazing incidence 
or to be in its own shadow. A perfectly diffusing surface appears of 
the same brightness at all inclinations, and to the extent that pine 
woods, for instance, approach perfect dilfusion the less influence has ^ 
Reflection from a pine-covered mountain conies much nearer to being 
completely diffuse than unidirectional, and it is probable that ordi- 
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iiarily the only consideration that need be given to ^ is to state 
‘‘Background in sunlight’' or “Background in shadow.” It is sug- 
gested in this procedure that the data for figure 5 be determined for 
each of these two conditions. 

VI. Illumination affects smoke visibility through the quantities 
Ay Zij and Z 2 . By “illumination” is meant such natural conditions 
as ( 1 ) bright sunlight in a clear sky, ( 2 ) a sky veiled with clouds or 
mist (light, medium, heavy) tlirough which the direct rays of the sun 
penetrate only in part, (3) a thickly overcast sky which conceals 
utterly the position of the sun. In practice it would probably suffice 
to express illumination in qualitative terms such as the above. To 
what extent variations in illumination play a part in visibility is 
uncertain, but if extreme variations are encountered illumination 
must be considered and figure 5 redetermined for an adequate number 
of gradations. 

VII. To the extent that (/—/*) is negligible, the p in the quantity 
jg negligible, and haze enters into the logarithm of equa- 
tion (25) only in the form -• In haze of a given quality, the ratio of 
light absorbed to light scattered (p/a) is a constant, and since p=a + /S, 


^ also is constant. ^ might be measured and expressed numerically 

but it would be easier and probably sufficient simply to describe the 
quality of the haze as “vaporous,” “smoky,” “dusty,” “industrial,” 


or “misty.’ 


If the effects of variation in - are found to be large, fig- 


ure 5 should be drawn for each important class of haze. 

VIII. Proposal III, with the additions suggested in IV, V, VI, and 
VII, takes into account all independent variables of equation (14) to 
provide a complete solution. Equation ( 20 ) offers another way to 
include all variables in estimating visibility distance. 

The two close-uyj brightness ratios in (equation ( 20 ) are quantiti(‘.s 
which could be measured experimentally against a nearby black 
background. According to equations (15), (16), and (17), they arc 
in fundamental terms as follows: 


AM^P) 
Bn~' Z.a/J 


(26) 


Bn Z\ a a 


(1 — e *"0^ 


(27) 


From these relations, it is evident that for a specified type of illumina- 
tion (Ay Ziy Z 2 ) for a given background (Ay rp) and for a smoke of 
defined characteristics ( 7 , <r, t)y the ratios will vary with the sun’s 


azimuth (d) and the quality of the haze 



For a standard small 


smoke, 7 , cr, and t will be constant except as they are affected by winds. 
On this basis it would be possible to prepare graphs of the kind illus- 
trated in figure 6 . By measuring w and 6 and converting them into 
their functions by use of the plots of figure 6 , by determining p, by 
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knowing tht^ value of and by assuming a reasonable value for 
(I— I*), the obsiM’ver can determine every quantity in equation (20) 
(‘xeept /*, whieli is imnuHl lately (^alculabb'. 

This proe(‘dure has tlu^ advantage of providing a direct test of the 
validity of the theory by comparison of observcHl and calculated 
values of I*. Its disadvantages he in the m^cessity of establishing th(‘ 
relation between v and t/l* and of predetermining tlu^ close-up bright- 
n(‘ss ratios on that part of tin* smoke column which is most important 
in rendering the smoke initially visible. 

DISCOVERY TIME 

In an actual forest fire the perim(‘t(‘r is jirogri'ssively increasing. 
As a cons(‘(pi('nc(‘, t (and possibly a) varies with time as w(dl as witli 
all the factoj's winch control th(‘ raU* of spre^ad of the fire. If t in 
(‘quation (14) W(*re n'placed wit h its equivalcvnt fund ion in terms of 




Fkjuhe (). — lllustnition of the way in whidi llie relation between the clo{<e-u]) 
brightness ratios and 0 may be shown graphically for particular conditions of 
background, illumination, haze, wind, and smoke: A, Clear sky, ponderosa pine 
forest, background in sunlight, smoky haze; clear sky, cross wind, ])onderosa 
pine forest, standard smoke candle, smoky haze. 

time and rate of spread, tlu* result would be an expre^ssion coniKHding 
distance l)etween lookout and smoke with th(‘ minimum time of 
discov(»ry. Discoviuy time is thus indicated to be dependent upon 
/*, p, B, V, /, the background brightness, the illumination of the back- 
ground, the illumination of the smoke, tlie quality of the haze, the 
wind direction, tin* coviu* typo, and the rate of spread of the fire. 
The time required for a lookout to discover* a smoke of rapidly in- 
creasing proportions is probably of more practical utility than the 
radius of vision for a smoke of constant size and density. 

SUMMARY 

A theoretical analysis has been given of the visibility of a smoke 
column from a forest lookout for the purpose of clarifying ideas on the 
physical basis of smoke detection. The visibility of the smoke is 
considered to be its contrast in brightness with the background. 
The (‘ontrast ratio is expressed in terms of the light flux (entering the 
observer's eye from the smoke, the haze, and the background and the 
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flux ill terms of the scattering and reflecting properties of the various 
elements. From this expression an equation is derived for the maxi- 
mum distance a given smoke could be seen under specified conditions. 
This equation is simplified by substituting ^Viose-up” brightness 
ratios for elementary scattering functions and by drawing approxima- 
tions through the introduction of simple assumptions. The equations 
appertain to various types of illumination and to smokes seen against 
both sky and terrestrial background. 

The theory indicates that the maximum distance at which a smoke 
is visible is inversely proportional to the amount of haze in the atmos- 
phere, the proportionality factor being the logarithm of a complex 
quantity involving the sun’s azimuth along with certain character- 
istics of background, the smoke, the illumination, and the vision. 

For the pra(‘.tical utilization of the derived (equations there are 
suggested several procedures of increasing complexity leading to 
diminishing standard error in the estimation of maximum visibility 
distances. 
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COMPARISON OF RATES OF APPARENT PHOTOSYNTHESIS 
AND RESPIRATION OF DISEASED AND HEALTHY BEAN 
LEAFLETS ^ 

Hy G. K. Parris 2 

IHant pnthologial, Hawaii Agricultural Experinu'nt Station 
INTRODUCTION 

WIkui a loaf is attaokod by a patliogt^n, it is roasoiuiblo to assiinio tliH t 
somo, if Tiot all. of its physioloj 2 :ical procossos an* afFoolod. Incroasod 
n'spiration and transpiration, (li'layod translocation, incroasod or do- 
(rroasod pbotosynthosis, and an intorf(*ronco witii tlio movoinont of 
water and solute s in the* vascular syst(‘rn an* somo of th(^ physiological 
chanp:(*s record (*d for dis(*asod loav(*s. 

The* (lata presented h(*re consist of compaj ativc* inoasun*monts of ap- 
par(*nt photosyntlu'sis and of inspiration on h(*althy and disoas(‘d bean 
loaf](*ts, respectiv(*ly. Wlion‘V(*r possible, correlations are indicat(*d 
l)(*tw(‘on outward symptoms of disease and abnormal pliysi(do^y. 

REVIEW OF LITERATURE 

R(*(*d and Crabill (SY^ showed that the pr(‘senc(* of a(*cia of Gyfh- 
noi^porampurn jimiperi-n^^ Schw. reduc(*(l the* carbon dioxich* 

assimilation of apph* l(*aves 50 to 05 p(*rcent. Dis(*ased l(*av(*s show(‘d 
mor(* rapid and also gr(*ater total n*spiration than healthy leaves. 

Lon^ (7) d(*monst rated that mi'inbers of the ^enc'ra l\cnni(i and 
Ummyees reduce the assimilation rat(* of oat and wheat leaves by 
approximately 30 pen*(*nt. Bailey and (lurjar {!) found that wheai 
plants infected with P. (jrarnhvis trifici Erikss. and Henn. (‘xhibit a 
re(luc(*d rate of r(*spiration. 

Yarwood (13) reported incn*ased respiration of excised clov(‘r l(*af- 
l(*ts infected by Erysiphe (frarninw DC. or by [ 'r()myc(\s /(illens K(*rn. 

Kuprewicz (6*) lists as changes which occur within plants attacked l)y 
microorL^anisms: Decrease in the chlorophyll cont(‘nt and carbon as- 
similation, in(*reased or decreased ivspiration, r(*tarded translocation, 
and increased transpiration. 

Smith (9) reviews tlu* lit(*rature on the m(*tabolism of virus-diseas(*(l 
plants. Mosaic diseases are accompanied by an increase in the total 
nitrogen and a (h'crease in the total carbohydrates; yellows diseases 
produce the opposite effect. Diseased plants often show a (hdayed 
translocation. Respiration rates of leaves are higher than normal 
with young leavers, and lower than normal with old leaves. 

' Received for publication March 5, 194i). This pa^HT is an abridgment of a thesis pn^st'iited to the 
(iraduato School of ('ornell University in partial fulfillment of the n‘(iuirements for the dcRree of doctor 
of philosophy. 

* The writer is indebted to Dr. L. M. Massey, under whose guidance t he work was undertaken, for his 
continued interest and help throughout the investigation. The many timely suggestions of Or. A. J. 
Heiuicke are gratefully acknowledged. 

Italic numbers in parentheses refer to Literature Cited, p. 191. 
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MATERIAL AND METHODS 

Tho writer sought a plant, suscoptiblo to plant pathogens and adapt- 
able to greenhouse cultivation, which produces its leaves in opposite 
pairs on a common stem. The bean plant (PhaMolus imlgaris L.) 
fulfills these requirements, and a pure line of the variety Red Kidney 
was selected for study. 

The first leaves of the bean plant are simple; the second and suc- 
ceeding leaves are compound and consist of thn^e leaflets, one terminal 
and a pair of opposite leaflets. In area, opposite* h^afleds are very 
similar, and since they possess a common petiole, their nutrition should 
also be very similar. It was therefore decided to study pairs of oppo- 
site leafleds, comparing the physiology of one imunber of a pair with 
that of the other. The following comparisons are presenteul here: 
(1) Between tlu* physiology of the two members of a pair of healthy 
opposite leafl(ds; (2) between the physiology of a pair of oj)posit(‘ 
leaflets, one m(*mber dis(‘ased, the oth(‘r healtliy; and (.‘^), betw(‘(*n 
the phywsiology of the two mc'mbers of a pair of dis(*ase(l opposite' 
leaflets. 

Apparent photosynthesis was measured as the amount of carbon 
dioxide utilized by the bean h'aflets, and respiration as the aniounl 
of carbon dioxide given off by the leaflets. Air of known caibon 
dioxide* conte*nt was passe^d over the leaflets enclosed singly in (*nve- 
lopes made* from heavyweight moisture-proof cellophane, with the 
(*dges sealed with Du Pont moisture-proof adhesive* No. 395. The air 
was then bubbled through absorption tow(*rs fille*d with potassium 
hydroxide. The apparatus used was similar to that develop(*d by 
Heinicke and Hoffman {/i) in their studies on the rate of photo- 
synthesis of apple l(*av(*s under natural conditions. The ditference be*- 
tween the carl>on dioxide content of the stream of air passe*d ov(*r the* 
plant mate*rial and a comparable stream of normal air de‘termim*d the* 
photosynthesis of respiration. 

Spe'cial leaf holders were devised which combined the feature's of 
support and air intake. They consistexl of two pie*ce*s of glass tubing, 
bent and pushed through a rubber stoppe*r, anel lie'lel in position by a 
burette clamp and ring stand. A pair of le*af holders and a pair of 
opposite bean leaflets enclosed in ce*llophane envelopes are shown in 
figure 1. 

Bean plants were grown in the gre'enhouse until the first compounel 
leaf was approximate'ly half its mature size. The plants were then 
transferred to a darkeru'd room wdth illumination provid(*d by a pair 
of 1,000-watt bulbs complete with reflectors, supplying 800 foot-candles 
at leaf level, 20 inches distant from the source of light. The length 
of illumination was arbitrarily fixed at 13 hours, from 4:00 a. m. to 
5:00 p. m. Plants were kept in this room for 48 hours before physio- 
logical measurements were started, and continuously thereafter until 
studies were terminated. 

While the room temperature was fairly constant (72° to 75° F.), 
that of the air at leaflet level varied from 83° to 88° F. during hours 
of illumination, occasionally reaching 90°. It is of interest to note 
that Yoshii (/4) records greate*st assimilation by Phaseolus spp. in 
strong light at 96.8°; decreasing the light intensity reduced the 
optimum temperature to 80.6°. No measurements wer(* taken of air 
temperatures within cellophane containers in the present investiga- 
tion. 
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Air was supplied to tlie leaflets at th<‘ rate of 2 to 2.5 liters p(»r square 
eentirnetcvr of leaflet surfaec* per hour, as recomni(*nded by H(»inicke 
and Hoffman {4). The volume of air passed over* tlie plant material 
was calculated from three r(»adings taken with an a'ir-flowmet(M- during 
each 4-hour det(*rmination. The carbon dioxide content of the air 
fluctuat(*d from day to day and, occasionally, during? a single day, 
varying from 0.72 to 0.85 mg. per liter during these studies. The 
plants were grown in grc'enhouse soil and wat(»red daily with distilled 
wat(T. 



riceuE 1 . Pair of leaf holders in position, with a pair of opposite bean leafle(.s en- 
clos(*(l in eellopliane envelopes. Tlie patli of tlie air stream is indicated. The 
third le»‘iflet of the compound leaf of the bean plant is not shown. 

A number of investigators have r(q)orted the effect of maturity on 
the physiology of plant tissiu*. Spotdir {11) cites the inv(»stigations of 
Willstatt(*r and Stoll, who showed that photosynthesis was quit(' high 
in leaves that were just unfolding, the rate becoming constant afttu* 
about 9 days of growth. With furtlier aging the rate decn^ascHl. Kidd 
et al. (5) show(Ml that respiration of Helianthus aviiuus decreased with 
maturity. Hee {S) found a decrease in respiration with increase in 
ag(*. Stiles {12)^ discussing the efl’ect of aging on the activity of a 
leaf, says that ‘^as a half gets older, the chlorophyll content increases 
and along with this the rate of photosynthesis, but not at the same 
rate. Hence with increase in chlorophyll content the assimilation 
number falls.’’ To reduc(' the variable of leaflet age, the first physio- 
logical measurements were begun 13 to 15 days after th(' seed was 
planttMl, and data were taken during successive 5-day periods. Data 
taken on the first pair of leaflets on a plant during tin' first 5 days w(Te 
designated ^'p(>riod A” data, data during the following 5 days were 
designatcKl ^'period B” data, data taken during the next 5 days 
wore designated ^^period C” data, and so on. Data on other leaflets 
on the same plant were similarly arranged; for example, period A 
foj* the second pair of leaflets was period B for the first pair, and 
period A for the third pair was period C for the first pair. By the 
use of this scheme, it was possible to group together data obtained 
from leaflets of comparable physiological maturity. 
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One or two determinations of 4 hours each on apparent photo- 
synthesis were made daily, between the hours of 8:00 a. m. and 12:30 
p. m,, and between the hours of 12:30 p. m. and 5:00 p. m. One 
4-hour measurement of respiration was made daily between 7:00 p. m. 
and midnight with the plants in tin*, dark. Measurements on apparent 
photosynthesis taken between 8:00 a. m. and 12:30 p. m. are desig- 
nated ^^a. rn.'^ data in all tables; those obtained between 12:30 p. rn. 
and 5:00 p, m. are designated “p. m.’^ data. 

Data were calculated as milligrams of carbon dioxide assimilated or 
respired per 100 cra.^ of leaflet surface per 4-hour determination. 
Leaflet areas were obtained from planimeter measurements of contact 
photographic prints, taken of each leaflet at 3-day intervals. Th(‘ 
method of analysis of variance {10) was used in the biom(^tricai 
analysis of all data. 

EXPERIMENTAL RESULTS 

PHYSIOLOGY OF PAIRS OP HEALTHY LEAFLETS 

Apparent Photosynthesis 

Seven t(M*n pairs of leaflets, on 10 different bean plants, were studit*d: 
3 pairs on each of 3 plants, 2 on 1, and 1 pair on each of 6 others. 

Table 1 . — Mean asainUlation rates of pairs of healthy ^ opposite bean leaflets at 
three periods of maturity ^ expressed as milligrams of carbon dioxide per 100 cnir 
of leaflet surface per 4~hour determination 

lEach moan is the average of 8 to 10 individual observations) 


Pair of leaflets No. 

Leaflet 

No. 

Mean ± S. E. assimilation rates of leaflets at 
indicated tM*riod of maturity i 

J*eriod A 

I’eriod B 

Period t' 



M Hit ff rams 

Milligrams 

Milligrams 

1 


. 

48.3=bl.9 



1 17 


45. 7±1.9 


2 

i 


27. 0±:2. 3 



1 21 

. - ...... 

29. 1±2.3 


8 

f 32 


39. 7d=3. 3 



1 42 


37. 7±3. 3 


4 



24. 7d:3. 1 



X 47 

.... , 

26. 9±3. 1 


5 

1 

46. 7i:3. 3 


50. ()±3. 0 


\ 87 

39.0±3.3 


46. 5±3. 0 

fi 

/ 110 

22. ()±4. 6 




1 210 

2f). 2±4. 6 



7 

f 111 

35. 7=fc4. 4 




\ 211 

36. 3±4. 4 



8 

/ 312 

35. 8=b4. 9 




\ 412 

30.1 ±4. 9 



\) 

/ 313 

24. 7±4. 9 




1 413 

26. 6=b4.9 



K) 

( 

32. H±A. 4 


52. 3=t5. 6 


\ 414 

37. 7±4.4 

.......... . . 

51. 6=t5. 6 

11 

/ 713 


44. 8db3. 1 



\ 813 


43. 5±3. 1 


12 

( 714 

23. 6±4'6 



1 814 

27.3=h4.6 



13 

f 715 

34. 1±4. 4 


37.6±4.4 


1 816 

34. &±A. A 


33. 6±4. 4 

14 - 

/ 716 

30. 6=b6. 0 


44. 7±9. 7 


1 816 

42. 5±5. 6 



46. 0±9. 7 

15 

/ 913 

29. 6:±:4. 1 




\ 1013 

28. 3±4. 1 



16., 

f 914 

36.1d=4.4 


46. 3±4. 4 


\ 1014 

28. 6dc4. 4 



38. Irb4.4 

17 . 

/ 916 

48.5±4.6 


52. 7ri:4. 4 


\ 1015 

56. 7=fc4. 6 


56. ddzA. A 

Average- 


-H 

o 

so 

37. 1±2. 9 

45. 9=fc2. 1 


» Description in text, i>. I8i. 
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A few pairs w(*re members of the second, third, and occasionally the 
fourth compound leaf, but the majority of the pairs studied were those 
of the first compound leaf. Data on apparent photosynthesis are 
presented in table 1, with each figure the mean of 8 to 10 individual 
4-hour observations. 

The results given in table 1 show differences as high as, or higher 
than, 15 percent between the assimilation rates of the members of a 
pair of healthy, opposite leaflets. These diftercmces arc not statisti- 
cally significant. Some of the differences b(»twe(‘n assimilation rates 
of leaves of comparable physiological maturity (periods A, B, or C) 
are significant. 

In the present studies, the efl'ect of maturity of a bean leafl(‘t was 
marked. The leaflets were studied for approximately l/i days, and 
the assimilation rate was highest during the last 5-day interval 
(period C), even though the data were caJculated on a unit-area basis. 
It is not known whetlu*!* ttu‘ maximum rate* of assimilation was 
reached; with further incr(»as(‘ in age, th(‘ rate should decn*as(» steadily 
until abscission occurs. 

No data were obtained on the respiration rates of pairs of opposite 
healthy hmflets. 

PHYSIOLOGY OF PAIRS OF LEAFLETS 
One Leaflet Healthy, The Other Diseased 

Thirteen pairs of leaflets, one member healthy and the other 
diseased, were studied. Anthracnose, a disease easily reproduced 
under controlled conditions, caused by Colletotrichum lindemuthUmnm 
(Saco, and Magn.) Bri. and Cav., was selected, and the gamma strain 
(2) used througliout tlu^ investigations. The fungus produces necrotic 
spots on both surfaces of tlu‘ bean leaflet, but more pn^dominantly on 
the lower surface. The viunal system is invariably attacked, though 
interveinal lesions are not uncommon. Si^condary symptoms include 
loss of chlorophyll, desiccation of a part or all of a leaf, and sometimes 
death, especially when the leaflet is infected in a juvenile stage. 

Preliminary stinlies faih^d to show a correlation lietweeii the amount 
of inoculum and the severity of sulisequently developc'd symptoms. A 
spore suspension, wliich appeared slightly cloudy when held to tli(‘ 
light, was applied to both surfaces of the leaflets with a camers-hair 
brush. One member of (uich pair of leaflets was inoculatc'd, the other 
member similarly treated except that only sterilized water was us(‘d. 
Inoculated plants were well waten^d, placed for 30 to 48 hours in a 
moist chamber at approximately 75° F., and then transferred to the 
illumination chamber. Symptoms usually appeared within 24 to 72 
hours after inoculation and measurements of apparent photosynthesis 
or respiration or both were started immediately following transfer to 
the chamber, or as soon thereafter as convenient. 

Growth Rates 

Bean leaflets affected with anthi'acnose were occasionally visibly 
smaller than healthy companion leaflets. Measurements on area 
were taken at 3-day intervals on 41 pairs of healthy opposite leaflets, 
and on 21 pairs of opposite leaflets with one member healthy and the 
other diseased, to determine whether retardation in growth was a 
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constant symptom following infection with Colletotrichurri. lindemu- 
thianum. Inoculation with the fungus was performed immediately 
following the initial measurements. Average findings are presented 
in table 2. 


Table 2. Mean 'percentage increase, in the area of members of pairs of healthy 
opposite leaflets and of members of pairs of opposite leaflets with one member 
healthy and the other infected with Colletoiriehum Undemuthianum 

(Results from 41 pairs of healthy opposite leaflets and 21 pairs of opposite leaflets with 1 member healthy and 

1 diseased] 


Condition of ineinbers of pairs of opposite leaflets 

Approximate 
time between 
initial and final 
measurements 

Mean inerease 
in areaiS. E. 

Differenee 
±S. E. 


.Days 

Percent 

Percent 

Healthy . 

2.') 

81.84d=1.82 


Do.._. 

2.5 

77.85±1.82 

3. 99i2. h’i 

Do...... 

12 

18.9«± .97 


Diseased — 

12 

1 1.3. 4U± . 97 

5..5(>±1.3< 


» Leaflets inoculated when past juvenile stage, hence the percentage increases in area are lower than those 
given for pairs of healthy leaflets. 


The results showed that between the members of pairs of lu^althy 
opposite leaflets there was no significant difterence in pei'ceiitage 
increase in area (3.99 ±2.57), but between the mernbeis of pairs of 
opposite leaflets with one member healthy and one diseased there was 
a significant difference in percentage increase in area (5.5()± 1 .37). 
The difference between these two figures, approximately l.fi p(‘rc(»nt, 
represents the growth restriction due to infection by Colletoiriehum 
liu demuthianum . 

Apparent Photosynthesis 

Data obtained on apparent photosynthesis of the pairs of opposite' 
leaflets studied, the approximate time elapsing Ixdweeui planting of 
seed and inoculation of leaflet and between inocuilation and first 
measurement of apparent photosynthesis, an^ givcni in table 3. Tln^ 
leaflets were under observation for varying lengths of time depending 
on symptom development and intensity, and on convenience of obsf'r- 
vation. A single 4-hour reading per day, between the approximate 
hours of 8:00 a. m. and 12:30 p. m., w^as taken on the majority of the 
pairs of leaflets. Data are given as mean assimilation rates, each 
mean representing the average of three to five individual 4-hour read- 
ings. The relation of age to the assimilation rate is indicated by 
separation of data into periods as was done in table 1 . 

The figures for mean assimilation when all data are combined are 
as follows: For healthy leaflets, 26.29 ± 1.04 ; for diseased leaflets, 19.99 
±1.04. The difference is 6. 30 ±1.48. 

The majority of the inoculated leaflets showed a reduced rate of 
assimilation as compared with healthy companion leaflets, but only 
two leaflets, 36 and 636, showed individual reductions large enough 
to be witliin the range of significance. However, when the mean 
assimilation rate of diseased leaflets is compared with the mean assimi- 
lation rate of healthy leaflets for all of the pairs, a 24-percent reduc- 
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• r>escriprion in text, j). isi. Xuinerals in parenthese?? imlicate symptom intensity of attack by liniemuthianum as follows: 0 = very slight lesions present on the veins of lower 
face of leaflet: l=necrotic lesions plainly visible on veins of lower surface of leaflet : 2= necrotic lesions on most of veins of upiH*r and lower surfaces of leaflet: 3 = necrotic lesions pres- 
ent in lamina adjacent to infected veins and slight loss of chlorofihj 11 around legions; 4=a<lvanced stage of 3, with pronounced loss of chlorophyll. 

‘ Data taken between S:0() a. m. and 12:30 p. rn. 5 Data taken between 12:30 p. m. and 5:fM} u. ni. 
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tioii is found; this figure is highly significant. Colletotrichum linde- 
muthianum, therefore, reduced the assimilation of bean leaflets, as 
measured by the carbon dioxide utilized per unit area in unit time, 
by a significant amount. 

No two inoculated leaflets showed the same response to fungus infec- 
tion. In table 3, the consecutive stages in the development of symp- 
toms on each leaflet are represented by the numerals 0, 1, 2, 3, and 
4 placed in parentheses beside the assimilation reading. The presence 
of necrotic areas in the laminae of diseased leaflets did not reduce the 
assimilation rate as much as was expected from the symptoms obsc^rved. 
No measurements of necrosed areas per leaflet were made in the pres- 
ent investigation. A method is needed whereby daily measurement 
of diseased and healthy areas on a diseased leaf can be rapidly and 
ac(Mirately obtained without injury to tin* plant organ. Degrees of 
yellowing from loss of chlorophyll often characterized leaflets possess- 
ing iK^crosed areas. These symptoms may conceivably cause a reduc- 
tion in the ability of cells to utilize carbon dioxide, but at present it is 
not kiiown to what ext(uit chlorophyll may Ix' reduced in a C(41 before* 
there is an apparent reduction in the rate of photosynthesis. 

Respiration 

Data on respiration were obtained from most of the leaflets listen! 
in table 3, and are presented in table 4 as mean respiration rates per 
5-day period. The mean of all readings per leaflet during the course 
of the? observations is given in table 5. Each mean is the^ average e>f 2 
to 4 individual 4-hour readings. The perioels in table 4 inclueie the* 
same time intervals indicated in table 3. 


Table A - Mean respiration rates of pairs of opposite bean leaflets at four periods 
of rnaturiiyy when one member was healthy and the other was irifecJed with CoUe to- 
trichum lindemuthianum^ expressed as milligrams of carbon dioxide per 100 cm} 
of leaflet surface per 4’hour determination 


[Each mean is the averapre of 2 to 4 lndivi<iual observations] 


Pair of leaflets 
No. 


10 
11 
12 
13 . 


I/oaflet No. and cx)ndition 


108, 

/600, 

leJOl, 

612, 

613, 

/614, 

1616, 

/620, 

1621, 

’622, 

623, 

634, 

635, 
(636. 
1637, 

644, 

646. 

646, 

647, 


diseased 
healthy . 
diseased , 

healthy 

diseased .. 

healthy 

diseased . . - 
healthy 
diseased . . 
healthy . 
diseas<Hl , 
healthy 
diseased . 
healthy. .. 
diseased., 
healthy., 
diseased-. . 
healthy . . 
diseased . . 
healthy ... 
diseased . 
healthy . . . 


healthy. „ . 
diseased., 
healthy . .. 


Moan respiration rates of leaflets 
at indicated i^eriod of maturity • 


Period 

A 


Milli- 

grams 

7.2(1) 

16.4 
14.6 (1) 

8.1 

9.7(0) 

9.4 

15.3(1) 
14.5 
9.7(1) 
6. 1 

9. 1 (1) 
15.2 
18. 1 (1) 

1.4 

19. 8 (1) 
9.7 

12.8 ( 0 ) 
13.4 


12.3 (1) 
6.7 


P«?riod 

B 


Mili- 
grams 
9.7(1) 
8.4 

13. 0 (2) 

9.3 

19.4 (1) 

17.5 

8.4 (1) 
13.8 

4. 1 (3) 
2.7 

11 . 8 ( 2 ) 

26.0 
23. 4 (2) 

4.0 

6.1 ( 2 ) 
2.3 

12.8 ( 1 ) 
15.9 


7.0(2) 

33.0 


7. 8 (2) 
18.6 


Period 

(’ 


Milli- 

grams 


1.6(4) 

1.9 

4.6(3) 

12.4 
10. 7 (3) 
8.7 

22. 5 ( 2 ) 
9.5 

34. 6 (1) 
51.9 

7.9(3) 
2.0 
5.3 (2) 

3. 1 

13.2(3) 

15.1 

8. 7 (2) 
11.8 


Period 

I) 


Milli- 

grams 


0. 2 (4) 
4.1 


12. 7 (3) 
2.9 


15.7 (3) 
11.4 
20. 6 ( 2 ) 
18.3 


Mean of 
all observa-i 
tionsrfcS. F. 


Mliligrams 
8. 7±3. 0 
11.8d:3.0 
13. 8±3. 3 
8. 7=fc3. 3 
13. 6±3. 6 
12. 6±3. 6 
11.9±3.3 
14. 2db3. 3 
6. 4±2. 5 
3. 7±2. 5 
7. 0±2 . 4 
16. 4dr2. 4 
18. 0=b2. 6 
5. 5d=2. 5 
12. 4=t3. 0 
5. 4=b3. 0 
17. 2±3. 5 
22. 0±3. 5 
11.5±4.0 
2. 7=1:4. 0 
8. 4=t3. 6 
10. 5d:3. 6 
14. 4±4. 0 
13. 2±4 . 0 
13. 3db3. 6 
16. 7db3. 6 


DilTer- 
[encedbS. E. 


Milligrams 
} 31=1:4.3 

} .*). I=t4.(> 

I 1. 0=1=5. 1 

J 2. 3:t4. 6 

[ 2. 7±3. 6 

I 8. 4=1:3. 4 

II 12.5:1:3.6 
7.0d=4.3 
4. 8:1:6. 0 
8. 8db5. 7 
2. I=fc5. 1 
1 2=1:5. 7 
2 . 4 = 1 : 0 . 0 


1 Description in text, p. 181. Bee also footnote 1 , table 3. 
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Two pairs of opposite^ leaflets, namely, 612 arul 613, and 614 and 
615, showed significant differences between the respiration of the 
healthy member and that of the diseased member. The respiration 
of leaflet 612 (diseased) was less than that of leaflet 613, while the 
respiration of 614 (diseased) was greater than that of 615. There 
was no significant difference in respiration between healthy and 
diseased leaflets for any of the remaining 1 1 pairs of opposite leaflets. 

Relative respiration rates of lu^althy and diseased bean leaflets at 
different stages of maturity are summarized in table 5. Diseased 
leaflets respired approximat(4y 10 percent more carbon dioxide than 
healthy leaflets, but this difference is not statistically significant. 
For the plant material studied, it is concluded that infection with 
Colleiotrichum lindemuthmnum did not materially affect respiration. 
This somewhat unexpected result may be explained by assuming 
that necrosed areas respire less, and nonnecrosed areas, such as the 
margins of diseased spots, respire more than healthy tissues, and 
under the existing conditions these two opposite phenomena counter- 
balanced (‘ach other. 


'Fable 5. — Mean respiration rates of all health p and all diseased leaflets for which 

data are shown in table 4 




Mean (±8. E.) n^spiration rate of-- 


Maturity of leaflets 

Di8(‘as<‘d leaf- 
lets 

Healthy leaf- 
let.s 

DilTerence 

Porhxl A 

Period B 

Period C 

Period D . 


MilUgra nut 

«. 9=t2. 0 
12. a±2. 7 

Milligrams 

9. 7=hl.5 
11.2=hl.5 
ll.3±l.9 
S. .'■>±2. 7 

Milligrams 
-2. 7:1:2. 1 
-.4^:2. 1 
l.4=h2.« 
~3.8dr«.K 

A Venice 



10.4di .8 

-1.2±1.2 


PHYSIOLOGY OF PAIKS OF DISEASED LEAFLETS 

The disease sel(*cted for study on pairs of diseas(*d h^aflets was 
inild(*w, caused by Erysiphe polygoni DC., which appeared as tiny 
spots on the upper surfaces of a number of full-grown bean leaflets 
on June 10, 1934. Jt is not known when inoculation occurred or 
how many spores produced infection per leaflet. 

Apparent Photosynthesis 

Two observations per day were obtained on apparent photo- 
synthesis. These data, together with the number of mildewed spots 
per leaflet and the color changes of each leaflet due to the action of 
the pathogen, are given in table 6. 

The presence of mildewed areas on a bean leaflet did not materially 
reduce assimilation unless yellowing was also present ; excessive yellow- 
ing was accompanied by a pronounced reduction in assimilation as 
compared with the assimilation of healthy leaflets (table 1). Abscis- 
sion of leaflets outwardly little affected by Erysiphe polygoni, was not 
uncommon ; this phase of the disease is probably due to toxic substances 
produced by the fungus and not to withdrawal of food or water loss. 
It is of interest to note that the assimilation of leaflet 12 closely paral- 
leled that of the companion leaflet 22, though the latter showed twici? 



Table 6 . — Daily assimilation and respiration rates of pairs of opposite bean leaflets infected with Erysiphe polygoni, expressed as milligrams 

of carbon dioxide per 100 cm.- of leaflet surface per 4-hour determination 

(Each figure denoting assimilation is the mean of two determinations] 
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as many fungous lesions as leaflet 12. The assimilation of these two 
leaflets per unit area resembles that of healthy leaflets. Outward 
symptoms did not always give an accurate indication of the effect of 
the fungus on assimilation; for example, leaflet 44 was considered to 
be the more diseased of the pair 34 and 44, but from the assimilation 
data leaflcit 34 apparently suffered the greater internal damage. 

Respikation 

Data on the respiration of the mildew-affected leaflets are shown 
in table 6. The average respiration per 4-hour determination per 
leaflet is 1().6± 1 .5 mg. of carbon dioxide per 100 cm.^ Healthy leaflets 
Inspired 10.4 ±.8 mg. of carbon dioxide per 100 cm.^ in a similar 
l(»ngth of time (table 5). While the latter figure is not strictly com- 
parable witli the present data, the two rc'sults are so similar as to 
suggest tliat in the present experiments Erysiphe polygoni had little 
influence on respiration. 

APPARENT PHOTOSYNTHESIS OF BEAN LEAFLETS INJURED BY FEEDING OF THRIPS 

Measurements of assimilation were made on mature Ix^an leaflc'ts 
showing symptoms associated with the heeding of Heliothrips haemor- 
rhoidalis (Bouche), the common greenhouse thrips. All stages of 
injury were present on the leaflets studied, from initial surface rasping 
to loss of chlorophyll in varying degrees. Plants bearing affectetl 
leaflc^ts were fumigated with nicotine before determinations w(Te 
started. vSymptorns continued to develop after tin* thrips had been 
nunoved; the loss of chlorophyll increased until definite yellowing 
could be detected, and occasionally abscission of leaflets occurred. 
Abscised leaflets were generally dark green and outwardly fully turgid 
when leaflet fall occurred, 'fhis latent action of the feeding of the 
thrips is thought to be due to some toxic substance introduced by the 
insect. The fumigation with nicotine is not judged to have’s exerted 
any detrimental effect; healthy leaflets on the same plants as tin' thrips- 
injured leaflets showed no loss of chlorophyll or prc’mature abscission. 
No data were obtained on the number of thrips that had fed on th(‘ 
lcafl('ts or the length of the feeding prior to the start of physiological 
Headings. 

Photosynthesis readings for five pairs of leaih’ts, taken after feeding 
by thrips, are given in table 7; notes on the intensity of insect injury 
are incliuled. 

In figure 2, data obtaimal from an additional pair of leafh’ts (32 
and 42) are presen ttal. This pair of huiflets in a luailthy condition 
was studied from May 23 to May 29, 1934. The rate of assimilation 
of the two leafl(>ts was very similar and the diirerence betwiam their 
mean assimilation ratios is not significant (table 1 ). The plant b(>aring 
th(‘ leaflets was transferred to the greemhouse on May 30, and on 
June 12 both leaflets showed evidences of the feeding of thrips. Tln^ 
plant was fumigated with nicotine and returned to the assimilation 
chamber, where further determinations were made at intervals until 
June 23. 

The data presented in table 7 and in figure 2 show that an appreci- 
able reduction (43 to 80 percent) in the assimilation rate followed the 
feeding by thrips. However, this lowering of the assimilation rate 
undoubtealy includes reductions due to natural senility, for these 
leaflets were older than any of the other leaflets studied. 
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Reductions in assimilation wore proportional to the apparent 
severity of the insect injury. 

Table 7. — Daily assimilation rates of pairs of opposite bean leaflets that had been 
injured by the feeding of Heliothrips haemorrhoidalis^ expressed as milligrams of 
carbon dioiide per 100 cm.'^ of leaflet surface per 4~hour deter minationy with notes 
on the severity of insect injimjy JOS 4 


Typo of injury ‘ and (iaily assimilation rate of leaflets on— 


J^air of leaflets No. 

Leaflet 

No. 

May 19 

May 20 

May 21 

May 22 

Type 
of in- ' 
jury 

Assimi- 

lation 

rate 

Type 

I of in- 
I jury 

Assimi- 

lation 

rate 

'rype 
of in- 
jury 

Assimi- 

lation 

rate 

Tyve 
of in- 
jury 

Assimi- 

lation 

rate 




Milti- 1 


Milli- 


A/f//i- 


Milft- 


1 


gramit 


grains 


grams 


grams 

1 

f 31 

R i 

45.2 

R 

41.7 

R 

39.5 

R 

35. 1 

1 . . - - 

1 41 

R 

39.1 

R 

.54. 1 

R 

41.5 

R 

67.8 

o 

/ 72 



R 

.55. 1 

R 

33. 8 

RR 

22.9 

Z .. 

1 H2 

. . 


R 

21.8 

R 

28.0 

R 

29.8 


( 76 

R ! 

28.2 1 

R 

17.9 

RR 

23. 3 

RR 

22. 5 


1 86 

R 

16.6 

R 

33. 6 

R 

21, 6 

RR 

3. J 


f 91 

RR 

9.2 

RR 

21. 6 





4 .. 

{ 101 

R 

20.9 

R 

45.4 






f 92 







1 rrr’ 

24. 5 

5 — 

{ 102 





1 



RRR 

9. 4 


' R=raspinK of leaflet surface with little or no loss of chlorophyll: Hli*rasping accompanied by slight 
yellowing; RRll=* rasping accom|>anied by much yellowing. 



Figure 2. — Assimilation per 4-hour period of a pair of opposite bean leaflets 
(Nos. 32 and 42\ both healthy, May 23-29, 1934; both injured by thrips 
June 13-23. Expressions of insect injury were as follows: Rasping with little 
loss of chlorophyll: Leaflet No. 32, June 13-15; leaflet No. 42, June 13-17. 
Slight yellowing: Leaflet No. 32, June 16-18; leaflet No. 42, June 18-21. 
Pronounced yellowing: Leaflet No. 32, June 19-23; leaflet No. 42, June 22-23. 


Feb. I, 1041 


Phot()Hynthi\s%^ and Re.Hpiratwn of Kean Leaflets 191 


SUMMARY 

Between ilie m(>nil)ers of a pair of h(*althy and opposite* bean leaf- 
lets, there are no statistically sipiificant differences in (1) assimilation 
of carbon dioxide per unit area in unit time, or (2) growth, as meas- 
ured by either increases in area or total area. Between different pairs 
of healthy leaflets on tlH> same or on diff(>rent plants, significant 
difl'erences in assimilation are occasionally found. Differences 
greater than 15 percent are considered statistically significant. 

The assimilation rate of healthy bean leafl(*ts, even on a unit-area 
basis, increases with maturation of the leafl(*ts. Studied for 15 con- 
secutive days, with determinations started 13 to 15 days after seeds 
were planted, leaflets assimilaU*. progressively gr(‘ati^r and gre^atc'r 
amounts of carbon dioxide. The maximum point in the assimilation 
curve in relation to age of the bean leaflet was not determined. 

Leaflets inf(*(‘t('d with (Hletotrieknm Imdemuthmnum (Sacc. and 
Magn.) Bri. and Cav., assimilate 24 percent l(*ss carbon dioxide* tlian 
healthy com])anion l(*aff(*ts, and an*. r(*stricte(l in growth by approxi- 
mately 1.6 p(*rc(Mit. Botli of these* differences are statistie*ally 
significant. No statistically significant differeneM* has l)een founel 
between the* respiration of diseased anel he>althy leaflets. 

Krysiphe polygoni DC\ eloe*s not re^duce^ noiinal assimilation until 
yelle)wing, due te) the ae’tion of the fungus, is produced. Diseased 
le'afleds often abscise* ])r(*maturely while still elark gree*n and turgid. 
No significant eliflerence has l)e*e*n found betweam the respiration of 
milelew-afl‘e*cte*el anel healthy le*afle*ts. 

Feeding injurie*s l)y thrips (Ileliofhrrps haernorrhoidalii^ (Bouche"’!)) 
cause> a loss e)f e*hlorophyll anel ye'llowing and an appre*ciable re*duction 
in the* assimilatieui rate; the reduction is proportional to the apparent 
sena*rity of the insect elamage. 
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GROWTH AND FLOWERING OF SOME TAME AND WILD 
GRASSES IN RESPONSE TO DIFFERENT PHOTOPERIODS ' 

I^y H. A. Allard, senior phytsiologisl^ Division of Tobacco Investigations, and 

Morgan W. Mvans, associate agronomist. Division of Forage Crops and Diseases, 

Bureau of Plant Industry, United States Department of Agriculture 

INTRODUCTION 

In 1934 a paper appenrod tinden* the joint anthorsliip of Evans and 
Allard (7)^ embodying tlie results of a study of tlie growth and flower- 
ing behavior of 10 sti'ains of timothy in response to different constant 
daily light p(*riods, all but 4 strains being of American origin. The 4 
not of Amei*ieaii origin originatcal from seed obtained from northern 
Europe' and were shown to attain the dowel ing condition at later dates 
than tlie Ameri(*an strains. It was indieateel in this paper that the 
observed (‘arliness or lateness of tlie various timothy strains was 
mainly due to inlu'reMit differences of response to tlu' seasonal length 
e)f day following tlu' awakening of growth in springtime. 

Furtlu'r discussions of tlu* length-of-day Ix'havior of timothy strains 
were ('inbodie'd in papers by Evans, Allard, and McConkey in 1935 
((S'), and by Evans in 1939 (6*). 

Earliness of flowe'ring appe'ars to (h'pe'nd upon the fact that some 
varieti(*s lay down the flow(?r primoj*dia in response to shorter day 
lengths than the later fIow(*ring varieties. The latter must await the 
coming of the longer days of summertime before the flower primordia, 
if initiated, can (h'velof) into a normal flower. 

Vari(*ties have' been found that in the latitiuh' of Washington, 
I). C., flow(u*ed v(*ry spai’sely or not at all, even wlien tlu' length of 
tlu* midsumnu'r day had attained its greatest vahu*, ru'arly 14.9 hours. 
The English strain of timotliy known as Haipenden, reported upon 
in the prc'sent paper, is of this tyjie. 

In view of the fact that this study of some of tlu* more important 
tame grassc's, lu'gun by Evans and Allard, has been extended to include 
a numlx'r of ot lu'r very important lawn and forage type's, it has see'ined 
advisable' to jire'sent the behavior e:>f tlu'se* in the pre'sent paper. 

It is wedl known that vast areas of the* llniteel States in the West 
are comprised of natural grasslands. It is also obvious that, in the 
great forest be'lts of tlu* meire humiel re'giems, the* wooeilanel on the 
more arable soils everywhere has hael te) give way to an artificially 
estal>lished grasslanel, whiedi comprises lawns anel pastures and also 
meadows for the production of crops of hay in the eiairy and stock- 
raising re^gions. In othe^r words, the American system of agriculture 
to a great degree involvc'S the cultivation of the various grasses for oiu^ 
purpose or another, and much of the success in grassland agriculture 

* Recoivod for publication October 22, 1940. 

* Italic numbers in parentheses refer to Literature Cited, p. 227. 
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lias come with the successful introduction of European types adapted 
orig^inally to European fields and climate. 

In the past the introduction of many exotic grasses has been largely 
an empirical procedure. With the discovery of the importance of 
the principle of the length-of-day responses of plants in 1920 by 
Garner and Allard (^?), botanists have come to realize that the success- 
ful introduction of useful plants into new regions may depend largely 
upon their length-of-day behavior, as well as upon their temperature 
limitations and other factors. Obviously far northern plants are 
adapted to the long days and cool temperatures of high latitudes, and 
their flowering and fruiting, other conditions being favorable, can be 
exp(»cted in approximately similar temperatures and latitudes both 
north and south of the equator. Whether or not such plants can be 
grown under the shorter equatorial days depends as much upon the 
range of their temperature and day-length responses as upon any 
other factor. As a matter of fact, if high temperature is not unfavor- 
able, length of day may often be the limiting factor, since tempera- 
tures low enough to interfere with growth do not ordinarily occui* 
in equatorial r(\gions. 

In many plants, especially the herbaceous grasses, the character of 
the vegetative growth, as well as that of flowering and fruiting, may 
be profoundly altered by the length-of-day factor. TTnder one set of 
conditions the plants may produce flowering stems abundantly, with 
the expression of sexual reproduction dominant . Under anotli(‘r set of 
day-length conditions, sexual reproduction may be entirely or i)ar- 
1 ially suppressed and veg(dative growth accentuated. The dominance 
of this phase of growth expression leads to vigorous sod formation by 
stooling, stolon formation, and nodal branching. 

TIk'sc two categories of growth behavior to a certain extent may be 
antagonistic, since factors causing a strong dominance of one may 
retard or weaken the expression of the other. Since they repr(‘S(‘nt 
continuities of a single life history, however, it is evident that certain 
borderline lengths of day may be favorable to a close interplay of 
both activities. In such instances, purely vegetative growtli is more 
iK'arly in equilibrium with sexual re|)roductive expression. It is here* 
that the largest growth form and the most vigorous fruiting may take 
place, favorable to high hay and forage yields. 

In the case of the lawn grasses a greater degree of vegetative domi- 
nance is more naturally expected, for this leads to bettor mat or sod 
formation owing to a rapid lateral extension of the original plant, with 
little or none of its energies given over to flower-stem and seed 
formation. 

A basic and thorough understanding of the ecological effects of 
seasonal length of day alone upon the life history of the grasses in- 
volves considerable study and analysis. The seasonal length of day in 
the middle latitudes is ever an inconstant condition. Increasing 
amplitudes of light prevail from spring to midsummer, and decreasing 
values from midsummer to autumn. TIkj former condition favors 
sexual expression in the long-day grasses; the latter, in the short-day 
grasses. As has been indicated above, when sexual expression is 
attaining its maximum condition purely vegetative expression is 
suffering suppression, and the converse relation obtains when vegeta- 
tive expression is at its maximum. This seasonal interplay of wide- 
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limit variations in length of day (exercises very inark(‘(l eflects upon the 
(Icvelopment of vegetation in tlK'. higher temperate latitudes and very 
largely determines the life history of the grasses as we see their exj)res-> 
sion in American farm economies. In equatorial rc'gions tlu^ seasonal 
swing becomes vcuy narrow, and if there are day-l(‘iigth response's in 
the vegetation these must depend upon veiy small increments and 
(h'creiiK'nts. It is (widen t that in the high Arctic latitudi's, where 
constant daylight obtains throughout the growing season, the plants 
(‘xp(U’ience no seasonal changes in length of day, and such phases of 
development as they show must depenel upon other factors than light- 
darkness ratios. A slight cliange in latitude near the critical huigth of 
day for the best exjiression of a particular phase of growth may thus 
profoundly modify the entire course of devedopme'nt of tlie iiarticular 
species and militate against its usefulne'ss for a given purpose. It must 
be> understood, howeverr, that length of day is but one of many factors 
operating at all latitudes, and that temperature, more especially, may 
gr(*atly modify the' developmental processes. 

In the propagation of the grasse's vegetal ivedy, likewise, there* may 
l)e eh'cieh'd advantage's depending upon the suitalde' length-of-day 
faedor. It would apix'ai* that, wheui vegetative dominance is at its 
maximum, rapid growth and extension of the clones is most favored. 
For this reason ve'getative propagation is favore'd under those lengtlis 
of day that are^ less than the' critical length for flowering or sexual 
r('j)re)duction. Ve'ge'tative i)ropagation of the long-day grasse^s in the 
gi’e't'nhouse in winte'rtime is depe'iuh'nt upon this principle, and the 
rapid lateral (‘Xtension of the clumps under similar short photopc'rioels 
ai tificially produced in summertime' is additional proof of its o])eration. 

A proper and conservative recognition of the length-of-day factor, 
then'fore, as affecting the e'xpression of the grasses, may not only 
clarify the logic of much of the I'lnpirical success in the past, l)ut make 
it possible to handle and to distribute newe'r introductions in a more 
sch'ntific manner and there'fore with gre'ater success. 

MATERIAL AND METHODS 

The investigations reported upon were canied out at Arlington, 
Va., with the equipment of the Division of Tobacco Inve'stigations 
located there. 

The preseuit paper deals with 13 specie^s and varieties or strains of 
grasses, including the following: 

Canada blueRras-s {Poa compressa T...), introduced from the Old World (tal)le 2). 

Kemtiicky bluegrass (Poa pratensis L.), introduced from the Old World (table 3). 

Orchard grass (Dactylis glomerata L.), introduced from tlie Old World (table 4). 

Wirestem inuhiv (Muhlenbergia mexicana (L.) Trin.), natives of North America 
(table 5). 

Niinblewill (Muhlenbergia schreberi Gmel.), native of North America (table 6). 

Heed canary grass (Phalaris arundinacea L.), introduced from the Old World 
(table 7). 

Smooth bromegrass (Bromus inermis Levss.), introduced from the Old World 
(table 8). 

Timothy (Phleum pratense L.), introduce^d from the Old World (tables 9 and 10). 

Bulbous bluegrass (Poa bulbosa T^.), introduced from Europe (table 12). 

Creeping bent (Agrostis palustris Hiids.), native of America and Europe (table 13). 

Indian grass (Sorghastrum nutans (L.) Nash), native of North America (table 14). 

Bottlebrush (Hystrix patula Moench), native of North America (table 15). 

Extern gamagrass (Tripsacum daciyloides (L.) L.), native of North America 
(table 16). 
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Most of these grasses are among our most valuable species, having 
a high degree of usefulness for one purpose or another in American 
grassland agriculture. 

In the present paper, three strains of Kentucky bluegrass are being 
reported upon, one early, one medium-late, and one a late strain. 
Five strains of timothy have been tested, including one of Harpenden, 
England, origin; one a Russian (Moscow) strain; one designated as 
Welsh S. 50, a pasture variety; and the American varieties Huron 
(3937) and Marietta (1 1901) . 

Two strains of creeping bent (Agrostis palustris) that liave come 
into use for lawns and golf greens have been studied. These are known 
as Metropolitan bent and Washington hmt. 

The majority of tlie grasses i*(‘ported upon in this paper are Old 
World natives that have long been establislied in North Amerit^a. 
Many of these species have a very wide distribution, and the lesults 
of the present study would indicate the iin])ortance of day-length 
studi(^s for grasses in gf'iieral. 

Indian grass (Sorghastrum) and bottlebrush (Hystrix) ar(‘ familial- 
wild North American speci(is, the former being a common constitiKUit 
of the tail-grass prairies of the Middle West and a normal grass com- 
ponent of the o]d-fi(‘ld successions of the .East. Bottlebrush is con- 
fined almost strictly to deciduous woodlands. It is a b(>autiful and 
graceful grass, but of no present economic value. Oftentimes it 
occurs in patches of considerable size in the heavy woodlands of the 
mountain areas; and on some of th(> shale barrcuis of the Massanutten 
ridges in Virginia it appears to have a place in c(M'tain successions, 
forming a dense ground cover where duff and humus have aecumulatcHl. 

The three timothy strains, Harpenden, Russian (Moscow), and 
Welsh strain S. 50, were rc'ceived as large (flumps from Canada, through 
the efforts of Prof. O. McConkey, of Agricultural College, Guelph, 
Ontario. These clumps were divided March 18, 1930, potted in 
3-inch pots, and kept in a cool greenhouse with temp(*ratur(*s ranging 
from 50° to 55° F. On March 28, 1936, tlH‘se pots wore, transferred to 
open coldframcs to ke^ep the plants dormant so far as possible. Th(\se 
plants made excellent growth, filling the small pots with haifage, and on 
March 30 thev were* transferred to 14-(puirt galvanized -iron buckets 
and to tests when about 2 inches in height. 

The two timothy varieties, F. C. 3937 and F. C. 1 1901, were rec(‘iv('d 
as large clumps from Ohio, F(d)riiary 1937. The former was divided 
and potted in thumb pots February 23 and k(^pt in tlu' cool house until 
April 7, when the plants were transferred to pails and tests, the leaf- 
age then being 3 inches tall. 

The clump of 11901, after being divided, was planted in 4-inch pots 
February 10 and kept in the cool house (50° to 55° F.) until March 4, 
when the plants were transferred to the coldfrarne out of doors. This 
material was finally placed in pails and transftUTed to the tests March 
31, when the leafage was 6 inches tall. 

All the remaining species, except the creeping bents, the Indian 
glass, and the bottlebrush, were received as large clumps from Ohio. 
These were divided and the plants placed in thumb pots or in 3-inch 
pots December 21, 1935. 

The bromegrass, Canada bluegrass, reed canary grass, and wirestem 
muhly were first potted in tliurnb pots December 21 and were kept in 
the cool greenhouse until January 30, 1936, when they were trans- 
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forred to 3--inch pots. They wer(> placed in tlic coldfrairie out of doors 
F(ibruary 27, to remain until March 27, when they werre transferred 
to 14-quart galvanized-iron biK^kc^s and to the t('sts beginning on 
that dat(‘>. 

The orchard grass and the three' strains of bliu'grass were first potted 
in 3-inch pots December 21, 1935, and remained in the cool greenhouses 
until March 10, 1936, whe'ii tlu'y were transfe*rred to the galvanized- 
iron bucke'ts and to the tests be'ginning March 27. 

In one te'st Poa bulbosa was grown from bulbils forme*el normally in 
the infleirescence. These were sowed in flats in thes cool gre'enhouse 
March 23, 1937, anel gevrminateel March 29; a ediimp of these planth'ts 
was transplanted to buckets anel placeel in the tests April 23, when the 
plants weres about 2 inches high. 

In ane)the*r test, clumps eif e)ve'rwinte‘ring Poa bulbosa were trans- 
planted eliresctly from the fielel to buckests Alarcli 25, 1937, and trans- 
fe'rre'd to thes tests March 29, whem the shoots were only 1 inch high. 

The Washington bent anel the Me'trope^litan bent we're* transfe'rreel 
March 25, 1937, as small clumps, to buckets from the* field at Arling- 
ton, Va., whe're' the\v had passe'd the winter; the te'sts we're begun on 
March 27. At that time' the she>e)ts we're* about 1 inch tall. 

Material of Afuhlenbergia schreberi was re>ceived fre)m Ohio in 
Fe'.bruary 1937 as large* e'iumps, which weu*e.' split up anel potte'el to 
thumb pots Fed)i*uary 23. Thew we're* late*!* transfe^rred to bue'kehs and 
to the tc'sts April 23, whe*n the ieafage was about 3 inedu's high. 

SorghaHtrum nutans anel Hystrlr paiula were* gi*e)wn from seeel ob- 
tained in the^ fall of 1937 from wilel plants, the* lorme.'r from Little 
Cobbler AIe)unt.ain and the latter fiom Bull Run Mountain, both in 
Fauquier (^>unty, Va. The sceel was sown in flats in the coldframe 
De'ce'.mber 16, 1937, whiedi remained e'xpe)seHl to the normal eolei of the 
wintertimes until January 29, 1938, when the flats were brought into the 
e*e)lel gi’eenhouse. Ge*rminatie)n toeik place February 16 in the case of 
Sorghastruni, anel Fe*bruary 4 in the* case of Uystrix. 

The S()7H]hastrutn plants we're place'el singly in thuml) pots Mare*h 23 
anel were transferre'el te) bue'ke'ls May 4, when 7 inche'S tall, three 
I)lants being gre)wn in eae*h bue*ke't. Tlu* te'sts weire begun e)n May 4. 

The IJystrir plants were plae*-('el in thumb pots February 28 and 
Iransfeured to pails May 3, when 4 inches tall, three |)lants being 
grown in each bucket. The tests were bi'gun on May 3. 

The material of the e*aste'rn gamagrass was obtaine'd by dividing a 
large clump found near tin* Arlington Kxperiment Farm, Arlington, 
Va., and planting portions in buckets March 31, 1937. At this time 
shoots about 2 irudu's high were in oviderure. The tests also were 
begun on that date. 

It may be stated that with ilui exception of these gi-asses grown from 
seed, of which there were only two, Hystrir and Sorghastrum, all clumps 
of material represented clonal multiplication of selected strains. 
The plants were grown in 12- or 14-quart buckets with drainage holes 
in the bottom; one bucket w^as used for each test on a given treatment 
wfith the exception of the controls, represented by two buckets. The 
original clumps were taken from field material, and therefore exi)eri- 
enced the normal outdoor conditions until dividt'.d and grown in the 
greenhouse in small pots, under temperatures of 50° to 55° F. 

It is evident that all the tests within this range could not begin at the 
same time owing to seasonal diflerences in length of day; the 12-hour 
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day did not begin until near March 21, and days longer than that at 
later dates. For this reason the tests with the longer light intervals 
were begun when the natural length of day had reached the particular 
duration dtisired. Until that time the plants received the normally 
increasing daylight periods. The data in table 1, showing the con- 
stant daily light periods used and the date when the tests for each were 
begun, will make this clear. 

Table 1. — Length of the daily light periods used and dates ivhen tests were begun 


Lifiljt i>eriud 


Durntioii 

(hours) 

Clock time 

were beKun 

10 

0 a. m. to 4 p. m.._. . - 

Mar. 27 

12 

0 a. m, to 6 p. m. . 

Do. 

12. Ti 

0 a. m. to 6:30 p. m. . 

Mar. 29 

13 

5 a. m. to fi p. III. - -- 

Apr. 10 

13..') 

,') a. 111 . to 6:30 p. 111 .. 

Apr. 23 

14 

.*) a. m. to 7 p. in 

May 6 

14. .') 

,') a. in. to 9:30 p. Ill - 

May 21 


In all tests involving a rang(‘ of 10 to 14.5 hours of light inclusive, 
natural daylight was used, darkness being secured by placing the plants 
in lightproof, ventilated houses each day. This was accomplished 
by k(H*ping the buckets upon movable trucks mounted upon tracks. 
These trucks were moved in and out of the darkened liouses, 
according to tlu* schedides outlined above, to obtain each light period. 

Since the constant light periods designated as 10 and 18 hours 
are in excess of the normal daylight periods of the Washington latitude, 
the use of suppleimvotal electric light, from sunset on, was required 
to obtain these i)hotoperiods. In these tests the added illumination 
was obtained from four 200-watt gas-filled tungsten lights with refl (ac- 
tors, mounted upon an iron frame that could be moved vertically to 
adjust the height of the lights, which were usually kept about 1 foot 
above the plants. These lights were arranged at the corners of a 
square the dimensions of which were 3 feet on a side from center to 
center of the lights. The intensity of the lights at this distances 
as measured by a Weston illumination meter, model No. 1746, equipped 
with a Viscor filter to obtain as nearly as possible only visible radia- 
tion, amounted to about 300 to 400 footcanelles. 

Since the natural lemgth of day is a variable, increasing to a maxi- 
mum of about 14.9 hours at the summer solstice June 21 , and decreasing 
at the same rate thereafter, constant light periods of 16 and 18 hours, 
re^spectivcly, required adjustments in the periods of artificial illumina- 
tion after sunset to compensate for these seasonal increments and decre- 
ments of daylight throughout the growing season. This was done 
by the use of time switches, which were regulated at frequent intervals 
to maintain constant these periods of illumination. 

One series of controls in buckets receiving the full seasonal length 
of day was maintained at the darkened house, while another similar 
series was maintained in the tests involving 16 and 18 hours of light, 
which were some distance', away. The mean of these was taken as 
the representative figure in the tables. Plants of a number of the 
varieties that had overwintered in the field and also experienced the 
full length of day were also used for comparison. 
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The date of visible appearance of the first head from the boot, the 
date of pollination, the first noticeable evidence of yellowing or brown- 
ing of the glumes or heads, and the date when about half the heads 
were straw-colored were noted for most of the varieties. The height 
of the tallest flowering stems was taken at the time pollen appeared. 
In some instances tlu^re was continued growth of the original flowering 
stem by branching, as in Muhlenbergia inexicana or Bromus inermis. 
In such cases later measurements sometimes showed greater lengths 
of stem under the column headed ‘Tlrowth bediavior'’ in the tables. 
Greater differences in this respect have often been shown where the 
natural day has been greatly extended by artificial light. 

EXPERIMENTAL RESULTS AND DISCUSSION 

CANADA BLUEGRASS 

The behavior of Canada bluegrass (Poa cornpressa) (table 2) would 
indicate clearly that this species is a long-day type, since daylight 
j)eriods of 10 hours to 13 hours inclusive were too short to allow flower- 
ing to take place. Ther(^ was slight stem development, but no heads 
emerged in the tests of 12.5 and 13 hours. Although tin' plants receiv- 
ing 13.5 hours of light flowered, there was some delay in the ap])earance 
of heads, showing that this length of day is near the upper limits of 
dominant vegetative eixpression. Tln^re was a particularly heavy 
growth of matted leafage where 10 and 12 hours of light were exp(»ri- 
enced. It is inten'sting to note that even where these plants experi- 
enced the full length of day at Washington, D. C., the bases of the 
stems were slightly d(‘.cumbent, but with 16 and 18 hours of light, the 
stems were strictly erect. This is additional evidc'nce that Canada 
l)luegrass is an ecological form best adapted to v(Ty long days so far 
as flowering is concerm'd. As a matter of fact its range bears out 
this assumption, sinc(^ it extends from Newfoundland and Alaska, 
southward to Georgia, Alabama, New Mexico, and California. At 
lower latitudes than this, this grass could be expected to reduce its 
floweiing energies, or perhaps prove unable to flower, since lengths 
of day b(>low 13.5 liours favor the dominance of vegetative expression. 
This grass appears to be W(*ll adapt(^d to far northern regions (fig. 1). 


Table 2.-- Responseii of Canada hluegrass to different constant daily light periods 




Date when — 





Daily 

light 

Iieriod 

lnmrs 

First 

heads 

appeared 

Pollen 

appeared 

First 

glunie.s 

were 

straw- 

colorC(i 

Half of 
heads 
were 
.straw - 
colored 

1’alle.st 

stem 

Flower 

stems 

Growth behavior 

Hours 

10 

None 

None... 

None 

None — 

Jvches 

None 

Num- 

ber 

None 

Heavy rosette growth; no stem 

12 

---do 

- do 

do 

. do 

None 

None 

elongation. 

Do. 

12.5 

'.do 

---do 

-do 

do 

(') 

None 

Slight stem elongation; very de- 

13 

. . - do 

do . -. 

do - 

do -- 

0) i 

None 

cumbent; no heads. 

Do. 

13.5 

June 1 . . , 

June 10 

Juue22 

July 13- . 

16 

42 

Somewhat decumbent at base. 

14 

May 25. 

June 11 

June 10 

. do 

15 

81 

Do. 

14.5 

May 20 

Juno 8-. 

do. . 

July 6 . 

17 1 

147 

Do. 

16 

May 12. 

June 1- . 

June 11. 

June 18- 

24 

138 

Stems erect. 

18 

- - do 

- -do._ 

do 

June 16- 

25 

163 

Do. 

(2) 

May 25. 

June 13. 

July 1.. 

, do 

18 1 

156 

Stems somewhat decumbent at base. 

(®) 

May 5.. 

Juno 12 

June 30. 

July 17 - 

14 

64 

Do. 


> Slight. 3 Full length of day; plants in buckets. * Full length of day; plants in the field. 




long-day type of plant. Photographed May 29, 1936. 
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KENTUCKY BLUEGRASS 

TlireHi strains of Kc^ntucky blucgrass {Poa pniterms) have been 
^rown, one an early strain, one medium-late, and one a late strain 
(table 8). 

From the dates of Invading and the appearance of open florets 
liberating polhai, the eai*ly strain shows an advance of 3 to 4 weeks or 
more in heading over the mcdium-lat(^ and th(^ latii strains, the time 
of flowering also being earlier. The stems of the early strain were 
slightly dccuirdient in r(*sf)onse to 10 hours of daylight, but wer(^ 
(‘i-ect under all longcu* light periods (fig. 2). 


TAin/F 3. I((',spo 7 is(ts of three atraina of Kentucky bluegranH to different constant 

daily light periods 

EARLY STK.MN 




1 )ale when 





1 )iiilv 
Imiif 
period 

First 

heads 

Pollen 

First 

vlurtus 

were 

Hair 
of hea<ls 
were 

1'allesl 

stem 

Flower 

sterns 

Growth behavior 


ai)peure<i 

appeared 

St raw - 

si raw - 







eidonal 

colored 




Hours 





I Hi has 

A'w nihir 


10 

Mar. 2. 

A|»r. 4 

May IS. 

Mav 2<i 

I7 

2*i 

Steins slljjhtly deeninbtoil . 

12 

do 

•Apr. 14 

.Mav 20 

.M ay 20. _ 


22 

Sti lus erect . 

12.5 

do 

do 

do 

May 27 

17 ! 

T 7 

Do. 

i:i 

.do 

Apr. 20 

do . 

.May 29 

20 

10 

Do. 

j;i. r. 

do 

Apr. 11 1 

.May 22 

_.do 

If). .'■) 


Do. 

11 

do 

do 

d(» 

do . 

i:i. r> 

10 

Do. 

Jl. 

. <1<) 

A pr. 27 1 

May 10 

Jiirx'f) 

10 

1:1 

Do. 

10 

.<io . 

Apr. 10 

do 

.Mav 2S 

17 

17 

Do. 

IK 

do 

Apr. 10 

May 1.S 

May 27 . 

l.'i 

17 

Do. 

C) 

fio 

do 

do 

1 do . . 

17 

IK 

Do. 

e) 

. . do 

.Apr. 2rt 

Mav 20 

j d<» 

14. 5 

1:1 

Do. 


M E Dll’ M-J.ATE ST H A I X 


10 

Mar. 2A 

.Ajir. 27 

May 20 

May 29 

1:1 

IS 

Sterns very decumbr^nt. lying almost 
fiat ui»on the ground. 

12 

.do 

May 2 

May 22 

May 27 

14 

85 

Do. 

12.:. 

do 

M a>' 0 

May 21 

-May '29 

17 

27 

Stems le.ss deciimbenl than in 10- 
nnd 12-hour tests. 

1:1 

do . 

Apr. 29 

May 20 

do. 

20 

25 

Stems more er'ect than for the 12.5- 
hour test. 

i:j. r> 

do . 

.M ay 4 . 

do 

.May 2 s 

20 

20 

Sterns deelined about as in th(; 12.5- 
bour test. 

14 

.-do 

MayO . 

May 19 

.May 29 

20 

21 

Sterns more erect than for the 13,5- 
hour test. 

14..^) 

do.,. 

.May 7 . 

May 21 

June 4 

1:1 

22 

Stems almost erect ; only very slightly 
declined. 

10 

do _ . 

,M ay 4 . 

May 22 

May 28 

15 

17 

Stems strictly ereet. 

IS 

- . <lo . 

May 7 

.<io 

May 27 . 

IS. 5 

2»» 

Do. 

(’) 

do . 

Apr, 2S 

-Mavis 

May 28 

15. 5 

23. 5 

Do. 

('1 

....do. 

May 4 

May 25 

Mav 29 

17 

13 

Do. 


LATE STRAIN 


10 

M ay 2 . 

May 11 

May 27 

Jiinefi . 

9 

1 

10 

Stimis somewhat deelined. 

12 

Apr. 13 - 

A1ay8 

May 20 . 

Juno 3 - 

10 

20 1 

Sterns nearly ereet. 

12. 5 

Apr. 15.- 

M ay 4 

May 21 

June 4 

12 

19 

Stems strictly erccl . 

13 

- do 

Mays 

May 23 

June 3. 

11 

30 

Do. 

13. 5 

A pr. 13 . ' 

May 4 

Afay 22 

-do ... . 

IS 

10 : 

Do. 

It 

Apr. 15 

May 7 

A t ay 23 , 

. do _ 

15 

22 

Do. 

14.5 

Apr. 14- 

M ay 8 

May 19 

June 4. . 

17 

19 : 

Do. 

10 

Apr. 20 . 

Alay 11 . 

May 25. 

June 11 . . 

18 

15 

Do. 

18 

Apr. 15 

May? 

do 

J uiic 1 - . - 

17 

10 

Do. 

tn 

Apr. 13 

Mays .. 

Atay 19 

June3. -- 

16 

23 

Do. 

0) 

Mar. 28. 

May 11 

AT ay 25 

At ay 27-. 

12 

8 

Do. 


’ Full length t»f day; plants in buckets. 
* Full length of day; plants in the field. 
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The medium-late strain and the late strain of Kentucky bluegrass are 
less sharply defined in their responses than the early strain, yc^t in time 
of heading the medium-late strain is about 3 weeks earlier. This 
strain is rather distinctive, also, in that it shows very decumbent 
stems lying almost flat upon the ground when the daily light periods 
w(Te maintained at 10 and 12 hours. The flowering stems of this 
strain did not become strictly (rrect until the full length of day and 
the 16- and 18-hour light ])eriods w(>re experienced. 

The stems of the late strain of Kentucky bluegrass showi^d only a 
slightly declin(»d growth in response to 10 ho\irs of daylight, became 
nearly erect with 12 hours, and stricdly erect with all longer light 
periods. 

In the case of these three strains, the tendency toward the deeum- 
bcHit habit of growth does not appear to be associated entirely with 
length of day. The medium-lat(' strain is perhaps inherently more 
of a prostrate type of grass than either the ( arly or the late strain. 

Kemp (12), of the Maryland Agricultural Experiment Station, has 
show^n that the close' grazing of ])astures is an important biotic factor 
in the production of low and more or Ic^ss prostrate types of grass and 
wdiite clover. In siH'h pastures lu^ found the surviving types of 
bluegrass and orchard grass to Ix' short and procumbent, as comparc'd 
with the talh'r strains found in hayfields. In other wnrds, a rigid 
natural selection has taken place, leaving only the smaller, more 
])rostrate type's to survive because they were better fitted to escape 
dc'structive close croppiiig. 

While' there may be a more or less inhereuit elifference^ in the de'gree 
of c'xpre'ssion e)f the' pj’ostrate' habit of growth in the' case of the three'- 
bluegrass strains here reporte'el upon, the factor of length of day has 
bex'n shown to modify gre'atl}^ the> e'xpre'ssion of this growth form. 

Ke'ntue'ky bluegrass is of European origin, wdie're the summe'r days 
are' very long, and it is inelicate'el that this grass is widl adapted to 
the' ('ooler northern jcgions, wdiere' long summe'r elays prevail. 

In the case e)f timothy strains, ranging by fairly uniform gradations 
from very eai’ly to ve'ry late in time of fle)W'ering, the stems become 
ineTeasingly procumbent with incre'ased lateness anei re'quired gradu- 
ally longer daily liglit periods to attain ei-ect growth. 

Of the tiiree strains of Kentucky bluegrass reported upon, the 
medium-late strain apparently has not followed this typical bediavior 
of timothy, since it w’^as more procumbent than the later strain. 
Further study of the vario\is Kentucky bluegrass strains wmuld be 
necessary to obtain a clear understanding of th(' difTerences of behavior 
betw^een timothy and these bluegrasses. 

ORCHARD GRASS 

As the data indicate in table 4, orchard grass (Dactylis glomerata) is 
favored by the longer light periods and to tliat extent is a long- 
day type. Although weak flowering occurred in response to 12 
hours of daylight, the stems wen', so d ('dined as to lie practically 
flat upon the ground, a behavior quite exceptional as compared with 
the normal erect growth of this tussock-forming grass in the field. 

This markedly declined habit of stem growth was also shown in 
response to the 12. 5-, 13-, and 13.5-hour light periods, and the stems 



Vol. «2, No. 4 


204 Jofirmil of Afiricultural Research 


did not become strictly erect until 14.5 hours of light had been ex- 
perienced. 

Ten hours of light gave rise to dense tussocks of leafage only. 

It is interesting to note that the time of flowering and heading was 
but little afle(!ted through th(' series of constant daily light periods, 
thus indicating a ratlu'r abrupt change from the purely vegetative to 
the reproductive phas(‘ of growth occurring at some period between 
10 and 12 hours of light. 

The distribution of orchard grass extends into Newfoundland and 
Alaska on the north, ranging southward to near the southern limits 
of tlie Ilnil-ed States. This range could be predicted upon the data 
presented in table 4 and figure 3. 


Table 4. Respomes of orchard grass to different constant daily light periods 



Dale when -- 



Daily 

light 

period 



First 

Half of 

Tallest 

Flower 

First 

heads 

appeared 

T>oVleii 

appeared 

glumes 

were 

straw- 

heads 

were 

straw- 

stem 

stems 



colored 

{•olorcd 



Uourn 





Imhen 

NumtH'r 

10 

None .. 

None 

N one . 

None .. 

None 

None 

12 

May 7 

May 20 

May 29 

June 11 

22 

2 

12. 5 

May 8 

do 

June 2 

June 12 

20 

8 

13 

May 12 

M ay 20 

J line 3 

June 15 

20 

7 

13. 5 

May f) 

May 18 

May 29 

June 11 

2(5 

K 

14 

May 8 

May 23 

June 3 

June 10 

30 

10 

14. 5 

May f» 

May 21 

.lune 4 

. do 

35 

12 

If) 

...do .. 

May lO 

May 28 

June 3 

3H 

34 

18 

May 9 

May 2.') 

do 

do... 

28 

22 

(0 

May 8 

May 21 

June 1 

June 15 

35 

10 

0) 

May 7 

.May 23 

J line 2 

June 18 

31 

10 


Orowth behiivior 


Dense rosette of ItMives; no stem 
elonpatioii. 

floweririp stems only: so de- 
dined iis to lie nearly flat upon the 
ground. 

Stems so declined as to lie nearly flat 
in>on the ground. 

Do. 

Stems somewhat more erect than at 
tlie 13-hour period yet st rongly de 
dined. 

St.ems almost erect. 

Stems strictly erect. 

Do. 

Do. 

Do. 

1 ) 0 . 


1 Full length of day; plants in buckets. 

2 Full length of day; plants in the fleld. 


WIRESTEM MUHLY 

The grass known as wirestem muhly {Muhlenhergia inexicana) 
shows nothing more distinctive in its day-length responses than that 
10 and 12 houi’s of daylight each day cause very low growth, with 
the heads on the short stems appearing almost on the ground. 

With increase of day length, the flowering stems become noticeably 
longer and strictly erect. By July 8 the longer photoperiods had 
produced stems 25 to 30 inches long, as compared with stems only 3.5 
inches tall on the 10-hour day. 

On the basis of its length-of-day responses and stem elongation, this 
grass is better adapted to the longer days than to extremely short dajrs. 
However, there is probably an optimum temperature range to which 
the grass may respond, since in parts of the South it grows on the 
mountains rather than on the warmer lowlands (table 5). 
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Table 5 . — RenponspH of wirrMem miihly to constant daily light periods 


Date when— 



Daily 

light Vi,.-* 

hJaS 

ai)i)earefl 

First 

glumes 

were 

straw- 

colored 

Half of 
heads 
w'ere 
straw- 
(jolored 

Orowth behavior 

I lour ft 



(Jrowtli very low; some heads appearing nearly on the 
ground, and could not be counted; tallest stem July S 
(3.5 in.) erect. 

10 May 22 May 27 

June 4 

June 11 

12 May 16 May 21 

.do .. 

.. do ... 

Do. 

12.6 May 14 May IS 

.do . 

do . 

Same growth behavior as for 10-hour period; tallest 
.stem July 8 (7 in.) ; erect. 

i:i do May 21 

do 

do 

Same growth behavior as for 10-hour period; tallest 
stem July 8 (14 in.); erect. 

13.5 May 13 May IS 

.do .. 

do. ... 

Same grow-th behavior as for 10-hour period; tallest 
stem July 8 (17.5 in.); erect. 

14 ...do May 10 

...do 

...do.... 

Same growth behavior as for 10-hour period; tallest 
stem July 8 (18 in.); erect. 

14. 5 May 14 May 22 



Same growth behavior as for 10-hour period; tallest 
stem July 8 (31 .5 in ) ; erect. 

16 May 0 May 21 

June 11 

June 18 

Much new growth i)y nodal branching; no flowering 
from thase; tallest stem July 8 (31 in.) ; strictly erect. 

18 May 13 May IS 

-do 

June 13 

Same growth behavior as for 16-hour periotl; tallest 
stem July 8(27 in.). 

(1) May 16 May 20 

June 8 

June 8 

Tallest .stem July 8 (22 in.). 

(2) May 15 May is 

.do 

do . 

Tallest stem July 8 (5 in.)'’ 

' Full length of day; plants i 

in Inickets. 



2 Full length of day; plants i 

in the field 



« Dry conditions in the field may have operated to check growth in these plants. 


NIMBLE WILL 

Tho grass known as niin blew' ill {Muhlenhergia schreberi) is a native 
Am(M*ican species and, like M, mexicana, sliowed no very marked 
responses to the different pliotoperiods imtil artificial light was used 
to extend the length of day from sunset. With photoperiods of IG 
or 18 hours, flowering was delayed a month or more as compan^.d with 
those tests in which the natural day had been shortened by darkening. 
Only one or two heads appeared in these longer tests with artificial light, 
and a very charactcidstic prostrate growth of the stems was noticeable. 

Muhlenbergia schreberi is a moisture -loving grass, and its range 
extends from the northern United States south to Florida, Texas, and 
eastern Mexico, and wostwrard to Wisconsin and eastern Nebraska. 

On the basis of its flowering responses under the various photo- 
periods presented in table 6, it is indicated that this grass is noj*mally 
a native of the middle latitudes of the eastern half of the United States. 


Table 6. — Responses of nimblewill to different constant daily light periods 


Daily 

light 

Ijcriod 

Date when — 

Tallest 

stem 

Growth behavior 

First 

heads 

appeared 

Pollen 

appeared 

First 

glumes 

were 

straw'- 

colored 

Half of 
heads 
were 
straw- 
colored 

Hours 





Inches 


10 

May 21 

June 2 

June 25 

July 12 

14 

Very fine, compact green growth. 

12 

May 25 

...do 

June 24 

July 23 

14 

Do. 

12.5 

May 27 

...do 

-...do 

...do. . 

20 

Full flower, Aug. 11. 

13 

..,d6 --- 

Juno 21 

- do 

July 12 

20 

New growth and flowering, Aug. 11. 

13.5 

..do - 

Juno 2 

June 30 

July 15 

21 

Growing and flow'cring, Aug. 13. 

14 

May 26 

June 9 

July 3 

-- do 

17 

Heading continued, flowering, Aug. 13. 

14.6 

...do . . 

...do — 

July 8 

July 21 

16 

Green and full flower, Aug. 16. 

16 

Aug. 15 

Aug. 19 



25 

Two heads only; growth green but flat on the 







ground. 

18 

July 15 

July 18 

. 

- . .... 

30 

One head only; stems prostrate. 

(1) 

June 7 

June 10 

June 21 

Aug. 3 

17 

No new growth, Aug. 19; old growth browning. 


» Full length of day; plants in buckets. 
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HEED CANARY GRASS 

Reed canary grass {Phalaris arundma^eea) is quite plainly a long- 
day type of grass but is characterized by a rather low flowering limit 
as the days are decreased in length. 

With 10 and 12 hours of light, th(‘, plants produced leafage only, 
and until 14 hours of light had becui (ixperienc.ed f(^w flowering stems 
arose and all were decumbent. 

With 14.5 hours of light daily and with longer light periods, flowiu* 
st(*ms were produc(?d more abundantly, these being erect or luuirly so. 

The time of flowering for the entire series of day huigths above 
hours was very constant. The 12.5-hour test showt‘d a delay of about 
1 month, indicating that this was near tin* border lim^ b(‘tween the 
dominances of vegetative growtJi and tins beginning of the flowesiing 
impulse. It is natural to bedieve that shorten light ])('riods soine^wheMe 
l)etween tlie tests of 12.5 hours, where the plants flowe^red, though 
with delay, and 12 hours, where theres were no indications of flowering, 
would hav(‘ reapiired still longer intervals to produces heads anel 
flowesring, until a point was i-esaclmd whesres fle)wesring ceased entiredy. 

The ]‘ange e)f reesd canary grass is mainly northern, extending te) 
New Brunswick and Alaska. Southward its range appears to ste)p 
roughly on a line fremi North C^are)lina we‘stward to California, reaching 
Oklahe)ma, New Mesxico, and ne)rthern (hilifornia. 

This natural ne)rtherii distribution is refle*cte‘el in the respemse of 
tiles ])lant-s to thes various incrcasesd daily liglit ])erie)els shown in the 
data e)f tables 7 and in iigme 4. 


Table 7. Responses of reed canary grass to different constant daily light periods 



1 )ntc when 




Daily 

light 

period 

First 

heads 

TN)lleu 

First 

glumes 

were 

Half of 
heads 
wc^re 

'I'allest 

stem 

Flower 

stems 

Growth liehavior 


app(‘ared 

ap))eared 

straw- 

straw- 






colored 

eolore<l 




Hours 





lachts 

Xamher 


10 

None 

None 

None 

None.. 

None 

None 

Leafage only; no llowt'r .sttniis. 

12 

. do .. 

.do . 

do. -- 

1 . do - _ 

None 

None 

Do. 

12.5 

.lune. 20 

.lune 25 

July 0 


28 

1 

Flowering stem somewdiat dceuin- 







bent. 

i;i 

May 2:1 

.Tune 1 



27 

1 

Stem slightly deeumbent. 

5 

May 25 

May 28 

June 

.1 lily 0 

21 

(0 

Stem very deeumbent, almost pros- 





strate; one head May 25; sheihling 
])ollen June Hi at 20 in. 




M 

May 20 

May 29 

June 11 

June 15 

44 

0 

Stems very deeumbent . 

14.5 

May 2^1 

June 1 

June 15 

June 18 

41 

8 

Stems mostly erect; only slightly de- 







clined. 

10 

May 19 

May 20 

May 28 I 

June 11 

4(i 

8 

Stems strictly erect: new stems form- 






ing July 8. 

18 

May 18 

May 25 

. do ... 

do 

40 

10 

Do. 

CO 

May 22 

May 30 

June 9 

June 18 

'M\ 

8 

Stems mostly enud as in 14. .5-hour 






day. 

i}) 

•Tune 1 

.Tune 5 

June 10 

June 22 

28 


Stems rather noliei‘ably declined. 


^ Several. 

* Full length of day: plants in buekels. 
2 Full length of day; plants in the lh*ld. 


SMOOTH BROMEGRASS 

The data for smooth bromegrass {Bromus inermis) presented in table 
10 indicate that we are dealing with a long-day type of plant. 

In those tests involving the shorter light periods of 10, 12, 12.5, and 
13 hours, dense leafage only was producecl, or if stems formed they 
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were few in number and so decumbent as to lie flat upon the ground. 

With increase in the length of the daily periods of illumination, the 
number of flower stems increased, their length was augmented, and 
they became nearly or quite erect. 


Table S. Reftpontte of smooth bromegrass io different constant daily light periods 




Date when— 





Daily 

lipht 

period 

First 

heads 

ftl)pearcd 

Pollen 

aj)peared 

First 

glumes 

were 

straw- 

colored 

Half of 
heads 
were 
straw- 
colored 

Tallest 

stem 

Flower 

steins 

Growth behavior > 

Hours 

10 

None . 

None - - 

None 

None 

Inches 

None 

Nnvihcr 

None 

Dense leafage only; no steins. 

12 

do 

do 

do .. 

-do 

None 

None 

Do. 

12. T) 

May 14 

do . 

-..do. 

do . 

1 

1 

Mostly leafage: one stem, but head 
never emerged from sheath; stem 
very decumbent. Hat upon ground. 
Single flower stem flat upon ground; 

i:i 

May 0 

May 2;i 

do 

! .Mine 22 

0 

1 

VA. 5 

May 23 

.lune 12 

.lune 2.3 

.luly 0 

0 

( M 

mostly leafage, 
jstems very much declined. 

14 

do . . 

.Iun<‘. r> 

do 

.luly 1 

IT) 

14 

Sterns sorni'what declined. 

14. r^ 

May 20 

.lune 11 

.Ml IK! 20 

•luly <’» 

18 

21 

Stems more erect than at 14-hour 

10 

M a y <1 

.May 22 

.Juno li 

June IH 

10 

40 

period. 

Stems erect; mrny new shoots evi- 

IH 

d(» .. 

May 2'A 

do 

June 10 

18 

40 

dent .lune 2; 42 inches high. 

Sti.uns erect: many new shoots evi- 

(^) 

May 27 

.lime 12 

.Mine IH 

July 4 

10 

20 

dent June 2; :i:i inches high. 

Stems somewhat decumbent at base. 


May y j 

.lune 1 

.luly IS 

July 10 1 

10 

40 

Do. 


' When these iii(*.nsiir<'mt'nts <lo not ap:r(*e with those shown in Uu' prtM*<*(linn (^ohirnn, this is (lu(> to tiu' fact 
that the fortner riK'asunanents were' made at a later date, diiriii}: which inliTval inerciase in heitrht had taken 
place. 

^ Early. 

3 Late. 

^ Full lenpth of day; plants in buckets. 

3 Full lenpth of day; plants in the field. 


Tins grass is cultivattMl successfully as a hay and pasture grass in the 
more northern States, from Michigan and Kansas to Washington and 
On*gon. It apyx'ars I test adapted to the northern half of tlu' United 
Staff's, and is ('scraping ratluw frec'ly in this an'a. Its h'ngth-of-day 
responsers as revealed in the text afipcar to afford confirmatory (*.vi- 
dence of this tendency toward a more northern distribution (fig. 5). 

TIMOTHY 

It would appear from the' work of the British investigators Gregor 
{10) and Gregor and wSansome {11) and from that of Witte of Sweden 
{14)y that the timothy populations of the cultivated specdc's Phleuin 
praterise, commonly understood, include a numberr of strains or 
types differing in growth form and other characters. 

In their analysis of these forms, Gregor and Sansome designated the 
^‘American” and European cultivated types as group 1. Thc^se 
workers recognized a second group, the “wikl,'^ which they called 
group 2. Both groups have more or less striking growth form and 
behavior characteristics in the field. 

The basic (gametic) chromosome number in the genus Phleum 
appears to be 7. The members of group 1, as discussed by Gregor 
and^ Sansome, including the cultivated or hay grasses, are distinguished 
42 somatic (6 7^) chromosomes, while the forms of group 2 
are diploid, having 14 somatic (2 n) chromosomes. 

» 08720 - 41 3 
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It would appear that the earlier results presented by Evans and 
Allard (7) in 1934 were secured entirely witli ^roup 1, the hay varieties. 

Ameiiican Strains 

TIk’i length-of-day responses of tlu^ two timothy strains F. C. 3937 
(Huron) and F. C. 11901 (Marietta) are shown in tahh^ 9. Both 



! 



Figure 0. — Responses of two American strains of timothy to various constant 
daily photoperiods (hours) indicated, at Washinp;ton, 1). C. ('Ontrols (C) 
received full length of day. A, Strain F. C. No. 3937 (Huron): Heading and 
flowering occurred only in resjionse to lengths of day of 14.5 hours or longer; 
heads appeared in response to 14.5 hours of light June 28, and pollen appeared 
July 12. The full length of day (C) produced heads June 18 and pollen June 
30. Photographed June 29, 1937. H, Strain F. C. No. 11901 (Marietta): 
There was weak decumbent stem growth even in response to 12 hours of light, 
flowering becoming normal with 13.5 hours of light and for all longer periods. 
Plants receiving 12 hours of light daily produced heads July 1 ; with 12.5 hours, 
heads appeared June 14 and pollen July 8; with 13 hours, heads appeared June 
21 and pollen July 25; with 14 hours, heads appeared June 1 and pollen June 
12; with 14.6 hours, heads appeared May 22 and pollen Juno 9. The full 
length of day (C) produced heads May 28 and pollen June 8. This strain has 
a much hmer critical length of day for flowering than No. 3937, and for that 
reason is an earlier strain better adapted to more southerly sections of the tim- 
othy belt. Photographed June 28, 1 937. 

strains are of the early type. Of the two, 3937 (fig:. 6, A) has a much 
'higher critical length of eUwfor flowering than 11901 (fig. 6, jB), since 
the former was unable to flower in response to 13.5 hours of daylight 
each day, while the latter showed some indications of heading in re- 
sponse to daily light periods of 12 hom*s. However, the heads of F. C. 
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11901 showocl ('.xcossive proliferation until daylight periods of 13.5 
hours were exptvric^nced. The flower steins of both varieties became 
strictly erect in response to tlie full length of day of the Washington 
region, as well as tlH> daily light periods of IG and 18 hours that were 
obtained by the us(^ of supplemental artificial light from sunset on. 

Table 9. — Responses of two American strains of timothy to different constant daily 

light periods 

F. C. NO. 3937 (HURON) 




Date when- 





Dnily 

light 

period 

First 

heads 

appeared 

Pollen 

appeared 

First 

glumes 

were 

straw- 

colored 

Half of 
heads 
were 
straw- 
colored 

^'allest 

stem 

Flower 

stems 

Orowth behavior 

Hours 

10 

None .. 

None 

None 

None 

Inches 

None 

1 Number 
None 

Heavy, dark-green leafage only. 

12 

do 

_..do 

do 

.do._ 

None 

None 

1)0. 

12.5 

do 

do . . 

- do 

. do . 

None 

None 

Do. 

13 

do .. 

. . . do - 

-_do 

.do 

None 

None 

Do. 

13. 6 

. do -- 

..do 

..do 

do - 

None 

None 

1 stem; no heading Aug. 13. 

14 

14.5 

June 28 

July 12 

. . 

Aug. 4 

Aug. 16 

38 


Plant died July 24, at 7 inches. 

16 

May 28 

June 8 

June 28 

July 1 

37 

' ' 

Stems erect. 

18 

May 23 

do 


July 10 

38 


Do. 

(>) 

June 18 

1 

June 30 

Aug. 4 

Aug. 13 

45 


Sterns strictly erect. 


F. C, NO. 11901 (MAlUF/rTA) 


10 

None 

None. .. 

None . .. 

None 


None 

12 

July 1 

do 

. . 

..... .. 

28 

6 

12. 5 

June 14 

July 8 

July 26 


32 


13 

June 21 

None .. 

July 25 


36 


13. 5 

* Juno 5 

June 16 

July 19 

July 30 

50 


14 

Juno 1 

June 12 

July 12 

July 29 

54 

r'’(2) 

14.5 

May 22 

June 9 

July 7 

July 24 

47 

(2) 

16 

M ay 23 

June 5 

June 28 

July 6 

55 

(2) 

18 

May 20 

do 

June 22 

June 30 

56 

0) 

(0 

M ay 28 

June 8 

July 2 

July 21 1 

55 

(^) 


3 .short stems, mostly loufiipe. 

I nllorescerioo with oxc*es.sive pro- 
liferation; no normal florets. 

Infloresceuee with much i)rol dera- 
tion, remaining green Ang. 11. 

Inflorescence with much prolifera- 
tion. 

No proliferation of inflorestJentte. 

Do. 

T>o. 

No proliferation of inflorescence; 
stems erect. 

Do. 

Do. 


> Full length of day; plants in buckets. 

Many. 

It is of interest to note that in response to the full length of day 
3937 produced visible heads 21 days and pollen 22 days later than 
11901. However, with increase of the daily light periods to 16 and 
18 hours, there was no significant difference in the appearance of 
heads and pollen in the two strains. 

While it is evident that both are well adapted to certain sections of 
the more northerly timothy-growing regions of the country, the day- 
length behavior as presented in table 9 would indicate that 11901 is an 
earlier varietv, having a somewhat lower critical photojieriod for 
flowering, and for that reason would be better adapted as a hay grass 
to more southerly sections of the United States. 

Evans has described both the Huron variety (4) and the Marietta 
variety (5). 

European Strains 

The day-length responses of the three European timothy strains 
discussed in the present paper — Harpenden (England), Russian 
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(Moscow), and Welsh strain S. 50 — are of esj3ecial interest since, 
according to Prof. (). McConkey,^ of Guelph, Canada, these arc all 
diploid types. 

These strains are rather distinctive in growth form, in that they are 
miiltitillering types, low-growing with decumbent stems, having the 
haj)locorm (S) poorly developed or absent, and appear to be much 
better suited to severe grazing conditions, in latitudes where this type 
of timothy is well adapted, than are the upright-growing, less freely 
tillering hay grasses. 

These three strains of timothy show very tyiiically the normal re- 
snonses of long-day plants, with a high critical photoperiod for the 
lower limits of flowering. As a matter of fact the Harpenden strain 
(table 10), originating in England, is distinctive in not being able to 
llower or in flowering with a sparse and abnormal growth in response 
to the longest days of the Washington, D. C., region, where the days 
are 14.9 hours long from sunrise to sunset at the time of the summer 
solstice. 

Considering the Harpenden strain, it will be noted that the growth, 
even of leafage, was ])oor in response to 10 hours of daylight, there 
being no stem elongation. The growth of leafage improved as the 
daily light periods increased in length, but stems did not appear until 
the daily photoperiod had increased to 14.5 hours. Although there 
was a weak development of stems, these were so declined as to lie 
flat and stillly upon the soil. This, however, is a characteristic 
behavior of these types, even in latitudes as far north as they (*an be 
grown . 


Tahle 10 .- Jtesponsi's of three. European strairis of timothy to different constant daily 

light periods 


I J A II V EN D K N ( E N ( \ 1. A NO) ST A I N 




I )ate when - 



i 

Daily 

light 

period 



Firs! 

Half of 

'I'allest 

Flciwor j 

First 

heads 

Poll(>n 

glumes 

were 

heads 

were 

stem 

stems 


appeared 

appeared 

straw- 

straw- 






colored 

colort'd 



Honrs 





Inch(s 

. 

1 

Xn mbrrl 

10 

None. 

None 

None . 

None 

None. 

Noth' ! 

12 

do 

<lo 

do . 

flO 

None 

1 

None 1 

12.5 

do . 

do 

do 

do 

None 

None 

13 

do 

do 

do 

do 

None 

None 

13.5 

<lo . 

do 

do 

do _ 

None 

None 

14 

-do 

do 

do _ 

do 

None 

None 

14. 5 

do 

do 

do . 

do 

None 

None 

If) 

May 20 

JUIK! 11 

June 25 


.13 

62 

18 

May 23 

J unes 4 

June 22 

J uly 7 

11 

57 

(2) 

July 11 

July 20 

Aug. 5 

Aug. If) 

10 

27 

(3) 

None . . 

None 

None 

None 

None 

None 


( trout h behavior i 


Orowth i)()()r; h'afape only; no steins 
elonpaUMl. 

drouth of leafape only; no steins 
ehnipated; Vietter than at lO-iiour 
period. 

drouth of leafape only; better than 
at 12-hour iieriod; no stem elonga- 
tion . 

drowt h of l(‘afag(' only; better than at 
12.5-hour period; no stern I'longa- 
lion. 

t lootl growth of leafage only; no stem 
elongation. 

Do. 

A few st ems elongated, but so di'elinod 
as to lie flat upon the soil. 

Poor stem growth, these very short , 
decumbent at base; heads small. 

Hotter stem elongation, but decum- 
bent at base. 

1 or 2 stems only headed, but almost 
flat upon the ground. 

Mostly leafage; 3 stems only, elon- 
gated and had not flowered July 15; 
.stems very decumbent. 


See footnotoa at end of table. 


* Oral statement. 
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Table 10. — Responses of three European strains of timothy to different constant daily 

light periods — Continued 


RUSSIAN (MOSCOW) STRAIN 




Date wh(‘n — 





Dally 

light 

I)oriod 

Fir.st 

heads 

apia'ared 

Poll(‘n 

appeared 

First 

glumes 

weri' 

straw- 

colored 

Half of 
heads 
were 
straw- 
colored 

Tallest 

stem 

Flower 

stems 

(Irowth behavior 

Hourn 





Jnehea 

Number 


10 

None . . - 

None 

None . - 

None. - 

None 

None 

T.eafage only; no stem elongation. 

12 

do.. _ 

. .do.. 

do 

-- do 

None 

None 

Do. 

12..') 

do 

.do . 

do - - 

- - -do 

None 

None 

Do. 

1:1 

_.do._.. 

do 

do ... 

-do 

None 

None 

Do. 

Ll.T) 

.. do. .. . 

do 

-do. 

do 

None 

None 

Do. 

14 

do. 

do .. 

..do.. . 

do 

j 

None 

None 

Good growth leafage; no sltun elonga- 
tion; stems very decumbent. 

14.5 

June 18 

.Tune 29 

Aug. 20 


21 

14 

Very decumbent stem.s. 

10 

May 10 

June 0 

June 18 

June .AO 

22. 5 

34 

Good growth, but stems very decum- 
be.nt. 

18 

May 10 

June 1 

- - . do. . 

do 

27.5 

35 

Do. 

('-■) 

June 18 

June 29 

July 24 

July .A 

22.5 

53 

Do. 

0) 

-.do 

i 

- do--.. 

July 20 

Aug. 5 

13 

C 

Stems decumbent at base. 


AVELSH STRAIN No. S. W) 


10 

None . 

None 

None - 

None . _ 

None 

None 

Dense leafage oril.v: no stern elonga- 
tion. 

12 

-..do 

do 

do .. 

. - do. - - 

None 

None 

Do. 

12.5 

..do 

do. 

. do. ... 

...do.. 

None 

None 

Do. 

13 

<lo 

..do. 

do 

- do . - . 

None 

None 

Do. 

13.5 

14 



do 



None 

Do. 

...do 

do 

do 

do . 

None 

None 

Do. 

14.5 

July 0 

July 30 

July 30 

Aug. 20 « 

12 

' 1 

Stems (2) prostraU* upon ground. 

10 

May 10 

June J 

June 18 

.18 

48 

Flower sbmis very deeumbent. pros- 
trate. 

18 

do ... 

May 28 

.do 

June 30 

19 

59 

Do. 

(*) 

June 18 

June 29 

July 30 

Aug. 9 

17.5 

33,5 

Flower .stems more deeumlxuit than 
for 10- and 18-hour day. 

(«) 

June 27 

July 7 

July 27 



Aug. 12 

10 

17 

Stems very decumbent at base for 
first 2 or 3 nodes. 


» Whf*rp nipasunfrricnts, otc., do not agroo with data of pmjoding columns, this is lK*caus(‘ t hese observa- 
tions wi‘ro mad(* at later date, after changes had taken place. 

- Full length of day; plants in buckets. 

3 F’ull length of day; plants in th(i held. 

♦ Oreen. 

Although flowering occurred in response to 16 and 18 hours of light, 
the stcims were noticeably short, decumbent at base, and the heads 
small. However, the 18-hour light period stimulated a better and 
more normal growth of stems in length and erect habit than the 16-hour 
light period (fig. 7, A), 

It is obvious that the Harpendtm strain of timothy is adapted only 
to far northern latitudes of the United States and Canada, since in 
such latitudes the numb(?r and length of stems, and consequently hay 
production, would reach their maximum values. 

Data in table 10 show that the Kussian (Moscow) strain and the 
Welsh strain S. 50, from Canada, are very siindlar to the Harpenden 
strain in their length-of-day responses (fig. 7, A). 

Both the Russian (Moscow) strain and the Welsh strain S.50 showed 
a somewhat better stem elongation than the Harpenden strain, but the 
stems of both for the most part were decumbent or prostrate although 
loss so when the longer light periods of 16 and 18 hours were afforded 
the plants. 

; It is of interest to note that the longer light periods of 16 hours and 
of 18 hours have caused all three varieties to flower very noticeably 
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in advance of the controls experiencing the full length of day at Wash- 
ington, D. C. This hastening of heading has amonnted to as imich as a 
month or more. 

Since it would appear from the data presented in table 10 that the 
longest days of midsummer in the Washington region (lat. 39° N.) are 



Fkiure 7 . — Hesponsos of two European timothy strains to various constant daily 
photoperiods (hours) indicated. (^ont,rols (C) received full length of day. 
A, Harpenden (England) strain. There was no stem growth or heading until 
the 14.5-hour photoperiod was e.xperienced ; then no heads were produced. 
Flowering took place as follows: With full length of day (C), plants flowered 
July 20 (very few heads); 16 hours, June 11; 18 hours, June 4. The stems of 
all were decumbent. This is a long-day timothy, requiring longer days than are 
experienced naturally in the Washington, D. ‘C., region (lat. 39° N.). It is 
adapted to far northern latitudes. Welsh strain S.50, from Canada. There 
was no stem growth on the 10- to 14* hour photoperiods, inclusive. Nearly 
prostrate stems appeared on the 14.5-hour plants, but none headed. Dates 
of flowering with other photoperiods w^cre as follow\s: With full length of day 
(C), plants flowered June 29; with 16 and 18 hours. May 16. The stems of all 
were very decumbent, those of the 18-hour plants being least so. This is a long- 
day strain, adapted only to the long days of high latitudes. Both photographed 
May 29, 1936. 


scarcely above the critical lower pliotoperiod for flowering in these 
timothy strains, it is to be expected that flowering will be retarded as 
compared with that under greater lengths of day such as 16 hours or 
18 hours. So long as the plants experience lengths of day below the 
critical length, purely vegetative expression must be dominant, and 
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sexual reproduction manifested by heading and flowering can only 
weakly assert itself or may remain entirely in abeyance. 

These three timothy strains represc^nt some of the latest yet tested in 
this country, and it is plain to see that this characteristic of lateness is 
dependent upon inherent behavior associated in part with length of 
day. With respect to stem elongation and flower formation, these 
strains must await the arrival of particular lengths of day before the 
reproductive mechanism is initiated or S(‘t in motion. 

These late strains appear to have originated in England or on the 
continent of Euroix' and naturally have been selected to respond to 
lengths of day occurring in latitudes ranging from 50° to 60°, since 
southern England is just above the 50° parallel and Moscow, U. S. S. R., 
is just above the 55° parallel. 

The northern boundary of the United States is wholly below latitude' 
50° N., and much of tlie best of the timothy-growing belt lies near 40° 
to 45°. On these parallels, the midsummer days from sunrise to sun- 
set reach tlndr maximum values of 15 hours and 15.3 hours respectively 
at the summer solstice, June 21 . However, the plants experience these 
maximum h'Tigths of day btit briefly, owing to the ceaseless seasonal 
swdng of the lengths of day between minimum values at the winter 
solstice and the maximum values of the sumriK'r solstice. 

Data in table 11, showing the duration of the longest days at various 
latitudes, may be considered in connection with the behavior of th(' 
Harpenden strain of timothy, which in the Washington, D. U, region 
appears scarcely able to produce flowtning stems or sliows grcmtly 
delayed flowering. 


Table - Honrs from sunrise to sunset {intervals of 2 u'eeks) for latitudes * 2S° to 
60°, during the longer days of the summertime 

fSumnuT solstice and niaxininm lenKth of day, .lunc 21] 


Date 

26° 

30° 

36° 

39° 

40° 

4.6° 

60° 

.66° 

(X)° 

April 21 --- 

12.63 

13. 04 

13. 17 

13. 28 

13.31 

13. 48 

14. 09 

14. .34 

1.6.08 

May 1 . - . . . . 

13. 07 

13. 2! 

13.37 

13. 62 

13. 66 

14. 17 

14.42 

1.6. 16 

10. (H) 

May 11 - 

13. 18 

13.36 

13.64 

14. 11 

14. 10 

14.41 

1,6. 14 

1.6. ,66 

10. 60 

May 21 

13. 28 

13, 47 

14.09 

14.29 

14. 36 

16. 04 

1.6.41 

10.29 

17.83 

.lunc 1 

13. 30 

13. 68 

14.22 

14. 44 

14 60 

16. 24 

10. 04 

10. .68 

18.20 

.lunc 11 

13. 40 

14. 02 

14. ;k) 

14. 62 

14. 68 

15.33 

10. 19 

17. 18 

18. 44 

.June 21 

13.42 

14.04 

14.32 

14.60 

16.02 

1,6.38 

10. 24 

17. 24 

18. .64 

July 1 

13. 40 

14.02 

14. 30 

14. 63 

14. .68 

1.6. 34 

10. 18 

17. 18 

18. 30 

July 11 

13.30 

13. 68 

14.22 

14.46 

14.60 

1.6. 24 

10. 04 

10. .68 

18. 19 

July 21 

13.29 

13. 48 

14. 12 

14.31 

14.30 

1.6.00 

1.6. 44 

10. 33 

17.41 

Aug. 1 

13. 19 

13. 36 

13. 64 

14. 12 

14. 10 

14. 42 

1.6. 16 

1.6. .6.6 

10.61 

Aug. 11 

13.07 

13.20 

1,3.38 

13. 51 

13. 66 

14. 19 

14.43 

1.6. 18 

10.01 

Aug. 21 

12.64 

13,00 

13. 18 

13.28 

13. .32 

1,3. 49 

14. 09 

14. .3.6 

1.6. 09 


> Aj>i)ro.\imat(' jieo}?raphic?al i>ositions of various latitude.s: 

2.')° N.- ('lose to tip of southern Florida and ccuitral Mexicjo. 

30^ N. * Near the southern boundary of .southern Louisiana and northern Florida. 

N. ~Near tlu* soutlairn boundary of North C'arolina and Tennos.s(i(!. 

39® N.~*LatitU(Ie of Washington, D. C. 

40° N. Near the .southern boundary of Pennsylvania and central Ohio, Indiana, and Illinoi.s. 

4r»° N.—Ncar the center of Maine, northern Vermont, and Michigan, and southern Minnesota. 

60° N.— Near northern Franct', southern England, wntral t^ucbec, and the northern boundary of the 
United States we.st of the Great Lakes. 

66° N, “Near Mo.scow, U. S. S. R., southern Scotland and central Canada. 

()0° N.— Near lioningrad, U. S. S. R., .southern Scandinavia, and southern Alaska. 

It may, for example, be assumed that this strain is initiated into the 
flowering condition with a length of day near 15 hours. It is probable 
that a certain twilight intensity, at least in the evening, may also be 
operative, thus extending the effective length of day somewhat, for it 
is well established that quite low intensities when used to extend a 
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photoperiod of natural daylight beyond the critical huigth may be 
effective, as shown by Borthwick and Parker (2). 

These authors have shown that, in the cas(' of the Biloxi soylx'an, 
with a short day of 8 hours, which is below the critical photoperiod 
or the formation of flower prirnordia, an intensity of at least 100 foot- 
candles of illumination must be supplied before' floweu* ]>rimordia can 
arise. If, on the other hand, 8 hours of natural daylight are ustHl and 
8 additional hours of Mazda light are then added, making a total of 
10 hours of continuous illumination, which is above the critical photo- 
peu-iod for the initiation of flower prirnordia, the added light following 
tlu^ 8-hour period of natural light can be as wc'ak as 0.0 footcandle, 
which appears to be lu'ar the lowc'r limit of ('Oective int(*nsity under 
tht^se conditions. 

Kimbairs (13) data would indicate' that with practically cloudh'ss 
skii's the intensities of civil twilight,^ Ix'ginning at dawn or ending in 
the evening when the true position of tlie sun’s ceiite'r is 0*^ below tlu^ 
horizon, range from about 0.4 footeandh' to 33 foote'andh's. Ilow- 
('ver, the case is some^what different with the ('veiling twilight, which 
at that time decreased from about 33 footcandh's at sunset to 0.4 at 
the cmd of civil twilight. It is (‘vident that practically all this j)eriod, 
amounting to about 35 to 30 minutes morning and evc'iiing through 
th(' summc'r s(*ason, is (Elective light in ('xU'iiding th(' h'ligth of day for 
the Biloxi sc^ybeans. 

With r<'sp('ct to the timothy strains under discussion, nothing is. 
known of the actual low(*r limits of intiMisity recpiiri'd for flower-bud 
initiation. Howev('r, it may b(‘ assumed that both morning and 
('V(vning twilight may be in part effi'ctive, and it is possible that the 
(‘flVctive length of day from sunrist' to sunsi't may be ('xtended iK'arly 
an hour at Washington, D. C., lat. 39® N., by tlu'se two twilight 
periods. 

For convc'.nience 15 hours of illumination may Ix^ ri'garded as tht'. 
lower limit for final flow('r developnu'nt in tlu' llarpi'iidi'ii strain, since 
heading and (lowi'ring were scarcc'ly attained at Washington, D. (\ 
Ignoring civil twilight, which is about 1 hour at Washington, and the 
efl’(*c4s of which cannot lx; ('valuated for tlu* long-day grass(*s at the 
pr(;s(;nt tiiiie, the plants do not receive; 15 hours of light until about 
Juik; 11; and ('veii at the summer solstict* the maximum |)eriod may 
not b(' much in excess of 15 houi-s of effective' light . It will be not('d 
from the data in table 13 that additional Mazda light aftt'r suns('t, 
amounting to 200-300 footcandles and bringing tlu; constant daily 
light pc'riods to 16 and 18 liours, has causc'd hi'ads to eimuge May 26 
and May 23, resy^ectively, wliih' the Adi h'ligth of day caused heads to 
appear July 1 1, about 7 we('ks hiA'i*. Since the tests began with tlx'se 
photop(;riods April 21, about 1 month was required for visible heading, 
but actual initiation of the flower prirnordia must have tak(*n place 
long before, perhaps within a fow days from tlx; beginning of the t('sts. 
If the rate of growth had been the same in i (*spons(; to tlu; full lengtli 
of day as in the 16-hour and 18-hour tests, the daily photoperiods of 
15 hours, bt'ginning about June 11, should have caused heading about 
July 11, as was observed. 

Within the timothy belt more properly speaking, lying betwecui 

. “civil twilight” sigiiiih's that period after sunset and before sunrise during which there is 

enough light on clear days for ordinary occupation.s. Civil twilight ends at night and begins at dawn when 
ine sun is about 6® below the horizon, and averages close to 35 to 3(» minute, s in length at Washington, D. C., 
for the year. 

308729 — 41 4 
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latitudes 45° and 50°, there is a noticeable increase in length of day, as 
shown in table 11. With respect to the original assumption of 15 
liours as the shortest photoperiod capable of initiating sexual reproduc- 
tion in the Ilarpenden strain, it may be noted that 15 hours of light 
(with twilight of about 1 hour or more additional) begins near May 1 1 
for latitude 45° and that the daily light period remains above 15 
hours until near August 1, i. e., it begins about 1 month earlier than for 
latitude 39° and persists about 1 month later. For latitude 50°, the 
comparable 15-hour photoperiod is advanced to near May 1; for 
latitude 55°, it is advanced to near April 21; and for 60°, nearer 
April 11, persisting until correspondingjy later dates. 

In a consideration of the ecological factor of length of day and its 
effects upon plant growth and reproduction in northern latitudes, it is 
important to consider these scmsonal relationships bi’ought about by 
changes from lower to higher latitudes. Not only may the critical 
length of day from sunrise to sunset be advanced to a much earlier 
date, thus giving a much longer period with lengths of day above the 
critical length before and after the summer solstice has arrived, but in 
very high latitudes the evening twilight lengthens appreciably, adding 
considerably to the effective length of day for some plants. 

Thus it is plain why a timothy strain like Harpenden may become 
delayed in heading and flowering in the latitude of Washington, D. C. 
(lat. 39° N.), where the day length is perhaps unfavorabhi to the 
reproductive activities. At higher latitudes to which it has been 
adapted by sdection and where lengths of day are perhaps much 
above the critical length for relatively long periods bidore the summer 
solstice, such a strain may become commercially valuabhi. Typical 
long-day plants, then, such as Harpenden, Russian (Moscow), and 
Welsh S. 50 strains of timothy, other conditions being favorable, are 
hastened ratlicr than delayed in their flowering responses when 
carried to higher latitudes. This behavior is well shown when thesc^ 
strains have been subjected to constant daily light periods of 16 and 18 
hours, affording photoperiods comparable to natural daylight dura- 
tions experienced in latitudes 55° to 60°. 

It is to be understood that the very decumbent growth form of 
these particular timothy strains is not related to a particular length of 
day, since this behavior is known to manifest itself in these forms as far 
north as they can be grown in Scotland and on the European main- 
land. Wliile this expression appears to be a genetic character in 
these particular diploid strains, there is reason to believe that it is 
more or less modifiable, depending upon external environmental 
influences. There seems to be no logical reason why upright habit 
could not be developed by intelligent selection in some of these diploid 
strains. 

It would appear that the biotic factor of intensive grazing has given 
these forms an advantage in pastures which they otherwise would not 
have, in competition with the more upright hay types. 

BULBOUS BLUEGRASS 

Bulbous bluegrass (Poa bulbosa) is unique in that some or all of the 
florets become converted into bulbils, a form of vegetative expression. 

Tests to determine the response of Poa bulbosa to various lengths 
of day were made with small clumps from overwintering sod in the 
field and also with plantings of the small bulbils of the inflorescence. 
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The responses of the two groups were not the same. In the case 
of the overwintering sod material, tliere was no indication of flower- 
ing in any test and the plants appeared entirely brown as if mature 
and dead, from the shortest to the longest days, about the first of 
June. 

The behavior of the young plants grown from the planted bulbils is 
shown in table 12. It will be seen from these data that stem and 
head formation, attended by the appearance of bulbils in the florets, 
did not occur until light ])eriods of 13.5 hours were experienced. These 
bulbils contiiuKKl to form for the most part in all piiotoperiods longer 
than 13 hours. 


Table 12 . — Responses of bulbous bluegrass to different daily light periods 



Date w lieu — 


Diiily 

light 

l)erio(l 



'I'allest 

First 

heads 

ap|)eared 

Pollen 

appeared 

stem 

Ilnurs 



Inches 

10 

None 

None .. . 

N one 

12 

-.<io 

do . 

N one 

12.5 

do 

do _ 

None 

Ki 

do . - 

. -do 

N one 

13.5 

.Time 3 


II 

14 

None . 

N one - - 

7 

14. 5 

June 1 


11 

I(> 

...do 

- 

Ifi 

18 

(*) 

May 28 

J uric 2 1 


15 

13 




(irowth bchuvior 


Leafage apparently dead, brown July 12. 

Leafage apparently dead, brown July 29. 

Leafage apparentl.v dead, brown June 24, 

Leafage ap|>arentiy dead, brown July :i. 

Small bulbils api)eared in the lusads and matured June 21. Plants 
apparently dea<i, brown, June 25. 

Stems develoiwd but no heads or bulbils; apparently dead, brown, 
Juno 2.5. 

Small Inilbils formed in the heads June 7, maturing June 30; ai)- 
parently dea<l, brown July 9. 

Small bulbils formed in the inflorescence; maturing June 15; plants 
apj>arently dead, brown Aug. 19. 

Bulbils formed in inflorescence June 7; maturing June 21, Bulbils 
in this test much larger than in the test where 10 hours of light was 
used . 

Small bulbils forming June 1 1 ; fully mature, brown June 21 . 


1 Full length of (iay; plants in buckets. 


Th(^ most striking difl’crciice observed in any test was associated 
with the light period of 18 hours, for the individual bulbils were strik- 
ingly large and even exceedc'd in size those formed with IG hours of 
light. Tht‘ tallest stems were formed in resjjonst* to the IG-hour and 
the IS-hour photoperiods. By midsummer practically all the plants 
had bt^come brown. 

The behavior of the Poa bulbosa material was not as clearly expressed 
as has been the case with most grasses, and leaves much yet to be 
understood. ITnder the conditions of the tests rc'ported there seemed 
to be no particular length of day when all the florets were sexually 
perfect, with functional stamens and pistils, since bulbils were always 
present. 

Difl'erent strains of Poa bulbosa appear to behave difl’erently wdth 
regard to the production of normal inflorescences, and these dilTfU- 
ences may have a genetic basis rather than representing simple 
response to some cultural condition. 

CREEPING BENT 

Two forms of a species of creeping bent (Agrostis palustris) have 
been studied, one known as Washington bent, the other as Metro- 
politan bent. These bents are used for lawns and putting greens. 
Both were studied from small clumps of overwintering field material. 
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The Metropolitan strain has shown a behavior rather different 
from that of th(‘. Wasliington strain. The former never produced 
heads in any test with photoperiods ranging from 10 hours to 18 hours; 
remaining green tliroughout the summer. 

However, whih' there was no heading, growth was vigorous and 
stolons appearcnl in all the longer photoperiods, beginning with the 
13-hour tests. It would appear that the longer light periods favor 
runner developnn'nt, which is a prostrate type of vegetative stem, 
rather than the short('r photoperiods below 13 hours. 

The behavior of tlu' Washington bent (table 13) has IxHvn somewhat 
different, since this form was induced to flower on May 23 and 27, in 
response to 16 and 18 hours of light respectively. As a matter of fact, 
the plants flowered in no otheir test. 


Table 13. - Hesponses of Washmgton creeping henl to different conRiant daily light 

periodR 



Date when 


Daily 

light 

period 




First 

heads 

appeared 

I*o!len 

appeared 

'J'allewSt 

stem 

Hours 



Inches 

10 

N one . 

None 

None 

12 

..do.. - 

do 

None 

12. 

. do, . 

do .... 

None 

13 

...do 

. do 

None 

13. .5 

.. ..do.... 

do . 

None 

14 

do 

do ... 

None 

14.5 

(io. . . 

. .do.. . 

N one 

15 

May 23 

.1 line 9 

15 

18 

May 27 

.lime 7 

15 

(‘) 

None 

None . 1 

None 


(Jrowth behavior 


A mat of short very (•oiiipnel preou leafage only, Aug. 4. 

A (lark-green velvety growt h of leafage only, Aug. If). 

A dark-green velvety growth of l(*afage only, Aiig. 17. 

A dark-green growdh of h'afage: short stolons appearing Aug. II. 

A dark-gr(*en grow'th of leafage*; short stolons as in i)lants of la-hour 
test Aug. 13. 

Similar in growth to plants of IlLS-hour test. 

Do. 

Tips of heads browming .Inly 15; half of Inwls brown .Tuly 22; plants 
green Aug. 19. 

Tips of heads browning .Tune 24; half of h(*ads brown .June 30: |)lants 
green Aug. 19. 

(Ireen leafage only, Aug. 18. 


> Full length of day; plants in buckets. 


The vegetative expression of the plants varied also, deptvnding upon 
the photoperiod. While a dark-green velvety leafage was formed in 
response to all the tests where flowering did not occur, stolons became 
evident in response to 13 hours of light, as in the case of the Metro- 
politan strain, and were formed under all the longer photoperiods where 
a purely vegetative growth obtained. 

INDIAN GRASS 

One of the most interesting and beautiful grasses of the Washington 
region is the wild native Indian grass (Sorghastrum nutans). Aside 
from any consideration of usefulness in man^s economies, this stately 
grass always commands attention in August, with its big, drooping, 
yellowish-brown, mobile panicles brightened with the rich yellow 
gold of the anthers. 

Not only is it a conspicuous feature of our eastern wasteland suc- 
cessions, but it is a common constituent of tlie tail-grass prairies of 
the eastern Great Plains region (fig. 8). 

In its length-of-day responses it has shown an almost classic behavior 
with the shaipness of its various responses to particular photoperiods. 
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Data in table 14 show that tlu^ plants rtunainecl strictly ve^etativt‘, 
with no stem dovelopin('nt, until 13.5 hours of constant daily light had 
been (experienced. On shorter photoperiods the buckets were filhed 
with a dense leafage only, whi(‘h, in the case of tlue lO-hour phoio- 
pceriod, was vtery stiffly erect and had attained a height of only 7 inches 
in Octolxer as coinpaned with 15 inches for the photoperiods of 12, 12.5, 
and 13 hours. 


V 



Ficurk 8.-- Hespoiisos of Indian grass {Sorghaslrum rmtans) to various constant 
daily pliotoporiods (hours) indicateel. (-ontrol ((.') received full length of 
day. With 10- to 13-hour photoperiods plants did not flower but produced 
masses of stiff erect foliage. 'Fhe critical photoi)eriod for flowering is m^ar 
13.5 hours; flowering occurred August 29. Plants receiving 14 and 14.5 hours 
and full length of day flowered August 20, August 29, and August 15, respec- 
tively. 1diis grass api)ears to have a rather sharp lower critical photoperiod for 
flow(>ring. Photographed August 31, 1 938. 

Table 14. — Hefipo 7 ise» of hidian grma to different constant daily light periods 


Daily- 

light 

l>criod 

Date when— 



First 

heads 

appeared 

Pollen 

a|)pearod 

Talkvst 

stem 

Flower 

steins 

I lour H 
10 

None. . . 

N one 

Inches 
N one 

Nu mber 
N one 

12 

-do - . 

do 

None 

None 

12. f) 

- - do . 

do 

N one 

None 

13 

- . do . 

.. do 

N one 

None 

13. 

Aug. 11 

Aug. 20 

4G 

10 

14 

do 

Aug. 20 

42 

17 

14.5 

do 

Aug. 20 

G4 

21 

IG 

Oct. 17 

Oct. 20 

m 

0 

18 

Oct. 27 

Oct. 31 . 

m 

6(?) 

0) 

Aug. 1 

Aug. 15 

50 

10 


Growth bttluivior 


Dense, stiffly erect lenfiipc only. 7 inches hijrh Oct. 2. 
Den.se leafage filling i»ail; inches liigh Oct. 2. 

Do. 

Do. 

Growth vigorous, normal. 

Do. 

Do. 

Heads long remained in the hoot, not heading till mid- 
Octoher; of 13 stems only produced heads. 

Heads long remained in the boot, not heading till late 
October; of 22 stems only t» produced heads. 

Growth vigorous, normal. 


‘ Full length of day; plants in buckets. 


Heading and flowering occurred at approximately the same date 
in response to 13.5, 14, and 14.5 hours and to the full length of day. 

In response to 16 and 18 hours of light, however, heading and 
flowering were delayed until late October, although the final heights 
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attained were about equal to those of the controls receiving the full 
length of day and to all other tests in which the plants flowered. 

In the case of the 16-and 18-hour pliotoperiods, the heads long 
remained in the boot, indicating that these photoperiods and condi- 
tions were not entirely favorable to normal flowering. In the case 
of the l()-hour plants, a total of 13 stems developed, but only 9 
headed and flowered; the 4 remaining did not appear to have heads 
in the boot. The plants experiencing the 18-hour photoperiod 
produced 16 sterile stems and only 6 flowering stems. It is obvious 
that these long photopivriods have not only g:reatly delayed anthesis, 
but have resulted in a large proportion of sterile stems or at least such 
as are incapable of maturing an inflorescence. 

These plants w(M*e brought into the gret^nhouse October 12. At 
this season of the year the natural length of day is only 11.22 hours, 
and it is evident from the data of table 14 that this photoperiod is 
much too short for stem formation in this grass. Cessation of stern 
growth at this stage is probably incident to these unfavorable short 
photoperiods, since at this season the day length from sunrise to sun- 
set is far below the critical photoperiod for stem formation and 
flowering, which is 13.5 hour's in the various tests. 

The natural range of this grass may now be considered in the light 
of the responses shown in the data of table 14. 

The normal range of this species is from Maine, Quebec, and Mani- 
toba, on the north, to Florida, Texas, Arizona, New Mexico, and 
Mexico, on the south. Roughly this grass finds its range near lire 
northern and southern limits of the United vStates, embraced between 
latitudes 25^ to 30® on the south and 45® to 50® on the north. 

Since the tests have shown that a 13.5-hour photoperiod is favorable'- 
to flowering, it may be seen by reference to table 11 that 25® is very 
near the lower latitudinal limit of distribution of tliis grass, since the 
maximum length of the day is barely more than 13.4 hours. 

Ijatitudcs 45® and 50® have a mean day length considerably under 
15.5 hours and above 16 hours, respectively, from May 21 to July 11. 
It is probable that latitude 50® is nearer the northern limit of distri- 
bution of Sorghastrum uutans, since the tests have shown that a 
photoperiod of 16 hours causes great delay in time of flowering. 

These assumptions would only apply to the particular strain usc'd 
in this test. It is always possible that the more northern material 
and the more southern material may include strains that ar('. better 
adapted to the longer and shorter days, respectively, than is the 
particular type tested from middle latitudes. 

In the more northern latitudes the factor of lower mean tempera- 
tures during the growing season will tend to work in the direction of 
furthering delay brought about by unfavorable lengths of day. In 
the case of such long-day plants as Indian grass, both factors com- 
bine to delay flowering and thus to define the northern limits of 
range. The southern limits will depend more purely upon the factor 
of the length of day alone, since the temperature means are increasing. 

Since Indian grass is shown to be unable to flower or to flower with 
great delay when the days are either too short or too long, it may be 
considered to belong to that group of plants termed '^intermediate’’ 
which the senior author has reported upon in a recent paper (f). 
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MOTTLEBRUSH 

The genus IlystriXy to which bottlebriish belongs, is striking in having 
a very discontinuous distribution, one small group of two species 
being native to North America, another species native to Australia, 
and still another species native to Asia. 

The eastern American species (Hystrix patula) is a woodland grass, 
characteristic of rocky slopes of the higher terrain. It flowers in 
June and contributes an element of beauty to its shaded woodland 
haunts with its bluish glaucous stems and long-awned, spreading 
florets loosely arranged in graceful spikes, l)ut it has no known com- 
mercial value as a forage grass. 

In its length-of-day response, it would appear to be a grass of the 
long-day class, sintic lengthened ])hotoperiods favor its sexual repi’o- 
d action, and the lower critical photoperiod for flowering is about 12 
hours (table 15). 

With only 10 hours of light daily, it produced mostly leafage and a 
single nearly stemlcss head among the h'avt^s. With 1 2-hour daily 
photoperiods many steins were produced l)ut these were sliort and 
some even failed to head. 


Table 15 .- Responses of boitlehrush to different constant daily light periods 



J)iiti* whoti • 



Daily 





'I'allosl 

Flowor 

period 

First 

Follon 

stom 

stoms 


apijean*<l 

app<?arod 



J lours 




Inchts 

Xu mhtr 

10 

.1 un«^ 

20 

Nono 

Nono 

Nono 

12 

.1 UU(‘ 

10 

Juno 30 

16 

C) i 

12..^. 

.1 UIIC 

7 

Juno 21 

17 

(') 

i:i 

J u no 

If. 

July 1 

26 

(») 

n. r> 

.luno 


Jun<» 30 

.3(1 

(') 

14 

.Turu-i 

21 

July 1 

30 

(') 

14. 

.Juno. 

10 

Juno 30 

20 

(•> 

10 

.1 UIIO 

13 

Juno 2!) 

20 

(>) 

IS 

Juno 

0 

.do 

31 

(') 

(^) 

J uru! 

20 

July I 

33 

('.) 


CJrowth iK'havior 


On<‘ liaad practiciilly sU'iiiU'ss; mostly 
T loads vory low; many stoms, some not hoading. 
All mature but dead Sept. 27. 

1 ) 0 . 

1 ) 0 . 

'I'ops dead Sept. 27; small shoots below appear. 
Oreen heads; small lateral gns'ii shoots appear. 
Vigorous, normal growtli. 

Do. 

Do. 


• Many. 

^ Full length of day; plants in buckets. 


The length-of-day response of this grass, more especially its behavior 
in response to 16- and 18-hour photoperiods, would indicate a natural 
distribution well northward, and as a matter of fact its northern range 
extends at least to the northern boundary of the United States, near 
hit. 50° N. (fig. 9.) 


EASTERN GAMAGRASS 

Eastern gamagrass {Tripsacum dactyloides), whose length-of-day 
responses are shown in table 16, on the basis of its reactions to the 
various photoperiods, would appear to l)e indeterminate in its 
classification. 

There has been no marked change in the time of flowering from the 
shortest photoperiods of 10 hours to the. longest photoperiods of 18 
hours. There appears to be some delay in heading and anthesis 
with the longer photoperiods, indicating that the shorter are a little 
more favorable to early sexual reproduction. 
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Table 16. — Respcmses of eastern ganiagrass to different constant daily light 

periods 


1 )aily 
light 

Date when 

- 


First 

heads 

appean'd 

Pollen 

ai)peared 

Glumes 

browning 

'Tallest 

stem 

/ lours 
10 

.Tune 2 

June 11 

June 23 

Inches 

64 

12 

.June 4 

JUTKi 14 

June 21 

56 

J2.r) 

.1 uni^ 7 

do 

do 

45 

13 

(l(j 

do 

June 30 

07 

13..'> 

do 

June IT) 

June 2:1 

.55 

14 

.June 20 

June 28 

July 10 

*56 


.hine 21 

do 

July 7 

60 

10 

.July 13 

July 18 

July 24 

03 

IS 

.Iiine 23 

June 30 

July 0 

54 

(0 

June 21 

June 28 

July 3 

65 


Growth boliavior 


Both staminate and t>istillate si)ikolots; fruitful. 
1 ) 0 . 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


> Full loii}?th of (lay; plants in buckets. 


With rospoct to growth of stems in height and numl)er and in tlu^ 
proportions of th(' unisf^xual staminate or pistillat.rs flon^ts, the ro- 
spouses of this species to the various photoperiods, wliether long or 
short, were remarkably uniform. 

On the basis of its rtmdiness to grow and to flower normally with 
only 10 hours of light daily (fig. 10), it is indicattul tluit this spi^cies 
is adapttnl to the length of day of tropical regions. As a mattiM* of 
fact this grass in its soutliward range occurs in the W(*st Indit's, 
Mexico, and Brazil, th(‘. northern portion of wdiicii lies b(‘tw(‘en lat. 
T)® N. and 0° (tlu^ Equator). 



Figure 9.— Responses of bottlebrush (Hystrix patula) to various constant daily 
pbotoperiods (hours) indicated. Control (C) received full length of day. 
This grass shows little variation in response to different constant light- periods, 
except at the lowermost limits of the shorter photoperiods. Plants receiving 
10 hours of light daily finally produced a very weak panicle June 20; but florets 
produced no pollen. Dates of flowering with various photoperiods were as 
follows: With 12 hours, plants flowered June 30; 12.5 hours, June 21; 13 hours, 
June 15; 13.5 hours, June 13; 14 hours, June 21; 14.5 hours, June 16; full 
length of day (C), June 11. This grass, a native of the Washington, D. C., 
region, behaves somewhat as a long-day type with a very low critical photo- 
period unfavorable to flow^ering. Photographed August 31, 1938. 

The responses of this grass to the photoperiods of 16 and 18 hours 
would indicate that it should have a far northern distribution on the 
basis of the length-of-day factor alone, but in nature its northernmost 
limits appear to be Massachusetts, New York, Michigan, Illinois, 




Figukk 10. — Responses of eastorn gamagrass {'rripsacum dactyloides) to various 
constant daily photoperiods (hours) indicated. Control (C) received the full 
length of day at Washington, D. C. There was little difference in dates of 
flowering with various i)hotoperiod.s : With 10 hours, plants flowered June 11; 
12 hours, June 14; 12.5 hours, June 14; 13 hours, .June 14; 13.5 hours, June 15; 
14 hours, June 28; 14.5 hours, June 28; full length of day (C), June 28. At the 
time of flowering the heights of the plants were very constant, the mean being 
al)out 00 indues. 'Fhe iflants were photographed June 29, the earlier flowering 
plants of the shorter photoperiods elongating in the meanwhile, giving the 
difference in height shown in the picture. The tendency of this species to 
show delayed flowering on the longer photoperiods would indicate the more 
typical behavior of a short-day plant. Photographed June 29, 1937. 


NoiTb America or to Central America, where some are cultivated for 
forage. 

Eastern gamagrass is sporadic in its occurrence, preferring low, 
moist soils, and is not of great importance in American pastures. 


SUMMARY 

The length-of-day responses of Poa compressa, P, pratensls (3 
strains), P. bulbosa, Dactylis glomeratay Afuhlenbergia mericanay Ai. 
^chreberiy Phalaris arundinaceay Bromus inenniSy Phkum j^ratense (5 
strains), Aarostis palustris (2 strains), Sorghastrum nutans y Hystrix 
'j^tulay and Tripsacum dactyloides were studied at the Arlington 
Experiment Farm at Arlington, Va. 

The plants experienced the natural daylight for all photoperiods 
except those of 16 and 18 hours’ duration, which required from sunset 
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the use of Mazda light from four 200-watt bulbs with reflectors, to 
supplement the normal length of day, giving an intensity at 1 foot, 
the distance at which the plants wore maintained, of 300 to 400 foot- 
candles. Automatic time switches were used to turn the lights on 
and off at the prop(‘r time, tht^se being adjusted from time to time 
to compensate for clianges in the natural daylight period before and 
after the summer solstice. 

For all constant photoperiods shorter than the full length of day, a 
portion of the daylight was excluded each day by keeping the plants 
in ventilated lightproof houses. 

In the case of Canada bluegrass {Poa compressa)^ the critical 
photoperiod for heading and flowering is rather sharply delimited at 
13.5 hours, while in the case of the very late timothy strain, Har- 
penden, flow ering is attained with difficulty in response to the longest 
days (14.9 hours) of the Washington region. 

The Kentucky bluegrass (Poa prate n sis) strains, early, medium-late, 
and late, show more or less wrell-defined diffc^rences in growth behavior 
in their length-of-day rcspons('.s, but under the conditions of the 
experiments flowering responses have not been so striking. The early 
strain, heading and flowering 3 to 4 weeks in advance of the two later 
strains, represents some inherent strain diflerence. Various degrees 
of the decumbent habit of stem growth were shown on the shortei* day 
lengths by all the strains. It is evident that Kentucky bluegrass finds 
its best development, at least with respect to er(*ct habit of growdh, in 
the longer days and cooler temperatures of the more northern latitudes. 

The time of flowering and heading of orchard grass {Dactylis 
glomerata) was but little afl'ected by any of the photoperiods used, 
except that of 10 hours. Tliis photoperiod was characterized by dense 
tussocks of leafage only. 

Wircstem muhly {Muhlenhergm rnexicana) showed nothing particu- 
larly distinctive in its responses to the various constant daily photo- 
periods with respect to time of heading and flow ering. Ten hours of 
light daily caused very low growth, with flowering stems so short that 
they appeared almost on the ground. l''he longer photoperiods r(v 
sulted mainly in greater elongation of tlie flower steins and a more 
erect habit of growth. 

Nimblewill (Muhlenbergia schreberi) showed no very marked 
response to increased duration of the photoperiods until artificial light 
was used to extend the day to 16 hours and 18 hours, respectively. 
These photoperiods appeared to stimulate a very characteristic pros- 
trate type of growth, and flowering was delayed a month or more. 

Reed canary grass (Phalaris arundinacea) is a long-day grass, but 
its flowering extends down to include daily photoperiods only 12.5 
hours in length. Flower stems were sparsely produced until 14.5 
hours of light daily were experienced, and all were decumbent. With 
10 and 12 hours of light daily the plants produced leafage only. 

Smooth bromegrass (Bromus inermis) is likewise a long-day type of 
plant. There was no flowering in response to photoperiods of io, 12, 
12.5, and 13 hours, dense leafage only being produced. With increase 
of the daily photoperiod beyond 13 hours, flowering became more pro- 
fuse and the stems longer and more erect in growth. 

The various strains of timothy {Phleum pratense) have shown more 
or less marked differences in response to the different photoperiods. 
The American strains F. C, 3937 (Huron) and F. C. 11901 (Marietta) 
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arc early flowering types. Of the two, 3937 has a much higher criti- 
cal length of day for flowering than 11901, since the former was unable 
to flower in response to 13.5 hours, while the latter showed indications 
of heading at 12 hours. The flower stems of both became completely 
erect in response to the natural length of day at Washington, D.C., 
and to the longer photoperiods of 16 and 18 hours obtained by using 
artificial light. It is thus indicatcHl that 11901 is an earlier variotyj 
and for that reason is perhaps better adapted to more southern st*c- 
tions of the United States. 

Three European strains of tirnotliy were studied, i. e., Harfienden, 
Russian (Moscow), and Welsh strain S. 50. All show typically the 
behavior of long-day |)lants, with a high critical for the lower limits 
of flowering, and all ar('. very similar in theur length-of-day responses. 
Tliese three timothy strains represent some of the latest yet tested in 
tlie United States, and are evidently best suited to high northcuTi 
latitudes here, as well as in England or on the continent, where they 
originated. 

Bulbous bliK^grass {Poa bulbosa) was grown from bulbils and also 
from clumps takc'ii from overwintering sod. The responses of these 
were somewhat diffc'rcait, since the sod material nev(^r flowered in any 
photoperiod. Young plants from bulbils did not produce flowers or 
bulbils until a liglit peuiod of 13.5 hours was experienced, and tliese 
formed in all photoi)eriods longer than 13.5 hours. 

An acc(‘Jitiiation of stolon formation was found to be associat^ed 
with longer days in the tests with the two crec^ping bents (Agrostis 
palustris) , Metropolitan and Washington, and in the case of the Wasli- 
ington bent flowering w^as also associated with th(‘ longer days. 

Indian grass (Sorghasirvm rmtans) is very sensitive to certain 
(iiang(*s in length of day, the low^er critical limit for floW(Ming being 
about 13.5 hours. This species is greatly delayed in heading and flow^- 
(‘ling wiieii the photo])eriods have been increased to 16 or 18 hours. 
In its inability to flower in response to short days and in its greatly 
d(iayed or partially inhibited flowering wdth photoperiods of 16 hours 
or longer, this plant ajipears to be of the in t (Mined iate class in its 
flow^ering behavior, that is, tlu're is complete or partial inhibition of 
flowering when the days ai’e too short or too long. 

Bottlebrush {Hystrix patida) is a wiiodland s])ecies, flowering most 
ii'adily in resjxmse to long day and thendore finding its bc^st de^ elop- 
m(>nt in middle and nortluMii latitudes, as its natural range would 
indicate. 

Gamagrass {Tripsac/mn dactyloides) is very unii^sponsive to changes 
in length of day, excerpt when photoperiods an', very long. This species 
grows particularly well in photoperiods as sliort as 10 hours, and this 
behavior is exemplified by its range southward into Mexico and into 
Brazil where truly equatorial lengths of day prevail. 
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FURTHER STUDIES ON THE OAT SMUTS, WITH SPECIAL 
REFERENCE TO HYBRIDIZATION, CYTOLOGY, AND 
SEXUALITY ^ 

liy C. S. Holton 

Ai<sociate patkologiMi Division of Cereal Crops and Diseases, linreaii of Plant 
Industry, United States Department of Agriculture 

INTRODUCTION 

Hybridization in tlio oat smut fungi has boon (l(‘monsti*atod by 
a number of invost-igators {2, 3, 7, 8, 10)'^ and in some instances (.5, 7, 
10) pathog(*nioally distinct races of Udilago avenae (Pors.) Jens, and 
U. lenU (K(dl. an<l Sw.) Magn. havi) been y)rodiic(‘d artificially by this 
process. In 1931, the writer (3) described a bufT smut of oats which 
appeared in hybrid matt‘rial but which later was found to have arisen 
through mutation in U. leins (5). It was furth(‘r shown that the 
buff smut fungus crosses luaidil^y with U. avenae and U. levin and tliat 
the buff character is inluvrited as a recessive (4, 6). Conseciuently, 
in such hybrids a buff 1^2 sc^gn^gate is homozygous for this character. 
Therefore, by s('lo(*ting a buff s(‘gregate on a variety immune from the 
buff parent and susc(‘ptible to th(», TL avenae or U. levin parent it is 
[possible to obtain a race of tlu' buff smut that ])osscsses the pathoge- 
nicity of the other parent or of both parents. Such a hybrid race was 
reported by the writer (5) in 193(), and on this basis it appeared theo- 
reti(rally possibles to produce, by hybridization, a race of the bufl‘ smut 
for ev(‘ry rac(' of IT. avenae and V. levin available. Accordingly, 
investigations W(‘r(^ undcrtakcui to determine the validity of tliis 
theory. Studi('s also have been made on nuclear behavior in the buff 
smut, on the inheritance of sorus type in two races of IJ. avenae, and on 
the process of sporidiid fusion in all of the oat smuts. The results of 
these investigations are reported in this paper. 

MATERIAL AND METHODS 

The isolation of single sporidia and the determination of compatible 
combinations of monosporidial lines were accomplished by the methods 
previously described (J). Inoculations were made either by the 
method used formerly {3) or by the partial vacuum method described 
by Allison (I). Hybrid chlamydospores were obtained by inoculating 
Anthony (C. I." 2143) oats with paired monosporidial lines of Ustilago 
avenae and the bull’ smut and U. levin and the buff smut. Because of 
the high degree of sterility in sporidia from hybrid chlamydospores 
(5, 4), the Fi spores were used to inoculate differential varieties, and 
buff F 2 segregates were selected from varieties immune from the buff 
parent. Inoculum of succeeding generations of the F 2 bufl‘ selections 
was taken from the same varieties on which the F 2 segregate appeared. 

* Received for publication October 1, liMO. C\)operative iiivestigations of the Division of Cereal Crops 
and I)iseas<^s, Bureau of I’lant Industry, U. B. Department of Agriculture*, and tlu* Washington Agricultural 
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Experiment Station, State College of Washington. 
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* C. I. refers to aewssion numVwr of Division of Cereal (^-rop-s and Diseases. 
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Two races of UstUago amnae that produce distinctly different sorus 
types were used to study the heritability of this character. Hybrid 
spores were obtained in the manner described above, and since the 
sporidia from these Fi spores will grow in culture, inoculations were 
made with combinations of rnonosporidial lines from the Fj chlamy- 
dosporos to obtain the F 2 j^opulation. Complete sets of four mono- 
sporidial lines were obtained from fivcFi chlamydospores; inoculations 
were made with tlu' compatible combinations witliin each set, and om^ 
set w^as used in backcrosses to the parent lines. 

The nu(Jei of the buff smut fmigus in several stages of development 
were stained with H(‘idcnhain's iron-alum heamatoxylin. The pro- 
cedure described previously 0^) was used, except that the material was 
destaijied with acid alcohol instead of iron-alum. 

The process of sporidial fusion was studied by mating sporidia of 
opposite sex in pairs on plain water agar. The pairings were made 
with the aid of a Chambers^ micromanipulator and the sporidia in 
each pair were distinguished from each otlier by difference in size, 
i. e., small sporidia were selected from one line and mated with rela- 
tively large sporidia selected from the other line. 

RESULTS 

PHYSIOLOGIC RACES OP BUFF SMUT 

Seven races of the buff smut have been identified on the basis of the 
differential reaction of certain oat varieties. One of these races arose 
through mutation, one represents a field collection, and five were 
produced by hybridization. The results of pathogenicity tests on 
which the separation of the races was based are presented in table 1. 
The origin and distinguishing characteristics of each race are as 
follows : 

Race 1. — Mutant from UstUago levis collected in Mcl^eod County, Minn., in 
1930. As shown in table 1, Canadian is highly susceptible to this race and 17 
percent smut was produced on Richland. 

Race -S . — An F 2 segregate on Gothland from a hybrid between buff race 1 and 
a Gothland race of UstUago avenae. Differs from race 1 primarily by the suscepti- 
ble reaction of Gothland to race 2. 

Race 5. - Collected by Harland Stevens from a row of oats in a seed stock 
nursery grown for T. R. Stanton at Aberdeen, Idaho, in 1935, the seed of w])ich 
was obtained from a Chicago, 111., grain elevator. This race differs from race 1 
by the susceptible reaction of Gothland and from race 2 by the susceptibility of 
Richland. 

Race 4.- -An F 2 segregate on Black Mesdag from a hybrid between buff race 1 
and a Black Mesdag- Monarch race of UstUago levis. This race is characterized 
by its capacity to infect Black Mesdag. 

Race 5, — An F 2 segregate on Monarch from a hybrid between buff race 2 and a 
Black Mesdag- Monarch race of UstUago levis. Its virulence on Gothland, 
Monarch, and Black Mesdag distinguishes this race from the others. It is notable 
that Monarch is more susceptible and Black Mesdag is less susceptible to this 
race than to the U. levis parent and that Gothland is less susceptible than it is 
to the buff parent (table 1) . 

Race 6, — An F 2 segregate on Trojan from a hybrid between buff race 1 and a 
Monarch- Richland race of UstUago levis. This race is outstanding for its capacity 
to infect Alabama Red Rustproof, which is resistant to both parent races. It is 
definitely less virulent on Monarch than the U. levis parent and about equal in 
virulence to both parent races on Richland. 

Race 7. — An F 2 segregate on Fulghum from a hybrid between buff race 1 and 
a Monarch-Fulghum race of UstUago levis. This race is characterized by its 
virulence on Fulghum and Monarch and, to a slight degree, on Black Mesdag. 
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Table 1. — Differential host reaction to parent and hybrid races of huff smut of oats 


Paroiit and hybrid races of 
oat smut 


Ustiltttio levitt i)aront 

RufT unit aut race - . 

U. aveiiae parent . . - 

RulT mutant panmt . 
RulT hyi)rid rae(5_ . 

Ruff field race 

I/. parent 

Rutr mutant jiarcmt 

RufT hybrid race. 

U. kris jiurcnt - 

Rull hybrid parent 
RulT hybrid race . 

U. kiHH parent.. 

RulT mutant imrenf . 
RulT hybrid race . 

I hi'lt parent . 

RulT mutant jiari'iil 

RulT hybrid race 



T'orccnt-fiR*' ( 

Rhoo 
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(•arm- 
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IVIoii- 

<lian 
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(O. I. 

(C. 1. 

(('. T. 
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1898) 

1870) 


KM) 

0 


’l” 

H4 

0 

0 


i)X 

77 

0 


84 

0 

0 

2 

8.5 

.58 

0 

3 

87 

o<; 

1 


HM) 

0 j 

24 


84 

0 1 

0 

4 

82 

0 

2 


]00 

0 

24 


8.5 

.58 

0 

5 

92 

39 

91 


J(K) 

9 1 

07 


84 

^ 1 

0 

() 

80 

0 1 

21 

— . 

87 

i 

72 

- - - 

84 


0 

7 ! 

83 

0 

91 


smut in host l.(‘stcrs— 


Rlaok 

Rich- 

Ful- 

Alabama 

JVRvsdtm 

(C.I. 

1877) 

land 1 

((M. ' 

787) 

fihnm 
(C. 1. 
708) 

selection 
Red Rust- 
proof 
(C.I. 135.5) 

0 



7 

0 

17 

0 

0 

(1 

0 

0 

0 

0 

17 

0 

0 

0 

3 

0 

0 

0 

29 

3 

0 

83 

0 

0 

0 

0 

17 

0 

0 

7.5 

0 

0 

0 

S3 

0 

0 

0 

0 

3 

0 

0 

2.5 

0 

1 

0 

0 

34 

0 


0 1 

17 

0 

0 

0 

20 

0 

.5.5 

33 , 

i 

79 

0 

0 I 


0 

0 

13 

L.. ", 

.54 

0 


It is fippnrent from tlic foro^oiii^ i*(‘siilts tliat tu‘vv nices of the buff 
smut may bo produced at will by crossing any race of this fungus 
with races of Ustilago avrnae and U, lens. A m^w ra(‘(‘. of tlic buff 
smut was obtained fiom evtuy cross made between races of the 
buff smut and dilTerent races of these tw^o specit's. In some cas(‘s 
the new races are similar in pathogenicity to th(‘ IL arenae or U. levis 
parent, while in others the virulence of tin' hybrid race is greater than 
that of (‘ither part^nt. For ('xample, race 2 and its IJ. arenae parent 
both infect Gotliland while all other varietic'S are rt'sistant , and race 
7 and its U. leris partmt both infect Monarch, Black Mesdag, and 
Fulghimi. Race 4, liowi'ver, infects Bhude Mesdag only, W'hen'as 
the U. leris parent infe(*ts Monarch in addition to Black Mesdag. 
On the other hand, race 5 infects all of the varieties (Gothland, Mon- 
ai’ch. Black Mesdag) that the tw^o parent races infect; and race 0, 
like its (f. leris parent, infects Monarch and Richland but, unlike 
(vithcr parent, can infect Alabama Rial Rustproof. Just how the 
infective capacity of race 6 for Alabama Ri‘d Rusti)roof arose cannot 
be explained by tlie data at liand. 

Race 1 infeeds C^anadian and, to some (extent, Richland, and ap- 
parently it has the same })athogenicity as the Vstilayo tens race from 
which it mutated. J t is notable, how’^ever, that in eaiiier tests Mon- 
arch also was infected by this race (J). It would appear, therefore, 
that buff* race 1 originally was heterozygous for pathogenicity and 
those biotypes capabh'. of infecting Monarch were lost by selective 
elimination on another variety. Similar results have betui obtained 
with race 2. Gothland and Monarch w^ere infected by this race in 
the Fs (J), whereas only Gothland was infected in the Fg (table 1). 
Sampson and Western {9) have shown that there is a definite selec- 
tive influence of the host on the relative stability of physiologic 
races of the oat smut fungi. They pointed out, howawer, that it 
would be theoretically possible for a heterozygous condition to pei'sist 
through several chlamydospore generations, wdiich would limit the 
efficiency of screening as a means of obtaining races pure for patho- 
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genicity. Possibly this was the case with race 2 , and the repeated 
selection of inoculum from Gothland was necessary to gradually 
eliminate the capacity for infecting Monarch. Little is known, 
however, regarding the stability of such hybrid races of the oat 
smuts. The majority of the races listed in table 1 (races 4, 5, 6 , and 7) 
are in the F 4 generation, and if inoculum of future generations is 
taken from the saim^ variety then the pathogenicity for certain other 
varieties may become lost. This would be highly probable in the 
(‘.ase of a hybrid race that carries the pathogenic properties of both 
parents, such as race 5 (table 1 ). Race 5 was obtained by selecting 
a buff F 2 s(‘gregate on Monarch, and inoculum has been taken from 
the same variety in succeeding generations. Repeated selection of 
inoculum of this race from Monarch, however, might finally eliminate 
the Gothland and Black Mesdag pathogenicity, or th(* selection of 
inoculum from Gothland might result in the loss of the Monarch and 
Black Mesdag virulence. On tliei other hand, if there were linkagt^ of 
factors for virulencii on these varieties, or if this virulence were con- 
trolled by a single factor, both of which considerations se(‘m im- 
probable in this cas(‘, tlicui the reaction w^ould remain constant in 
futim^ generations regardless of the variety from which inoculum 
might be obtained, unless the linkage were to become brok(»n or 
mutation were to occur. 

Similar results might be expected with races 0 and 7, while rac(^ 4 
probably will remain constant in virulence if the inoculum is always 
taken from Black Mesdag. Therefore, in the light of these considiV- 
ations, it is possible that the host reaction of the buff smut rac(*s 
shown in table 1 will change to wsome extcuit by (‘ontinuous propa- 
gation on spc^cific varieties. Considering the p('(ligre(‘. of tliese races, 
however, it seems improbable that such changes as may occur will 
materially afl'ect tluui’ differentiation. 

It will be noted in table 1 that comparative tests with the parent 
or parents of race 3 were not made, the reason being that its })edigree 
is not known. This race was discovered in 193{) among a large 
number of collections of Ustilago a, venae and U. levis obtained from 
the 1935 seed stock nursery at Aberdeen, Idalio. The row from 
which this buff smut specimen w^as obtained had been sown to seed 
collected in a grain elevator in Chicago, 111. Eleven smutted panicles 
were in the collection, of which four were U, avenae, four V. levis, and 
three buff smut. No other specimens of buff smut were found in 
1,877 smutted panicles examined, all of wliich came from the seed 
stock nurserv mentioned above. This is the only record of tlie 
occurrence of the buff smut under natural conditions. Furthermore, 
the record would seem to preclude any possibility that this instance 
of natural occurrence of the buff smut was due to an escape from the 
experimental material, especially in view of the fact that the panicles 
smutted with race 3 are characteristically different from those of 
race 1 , the original buff smut, or anv of the hybrid races. Race 1 
produces sori entirely covered by the outer glumes, while race 3 
completely destroys the outer glumes, leaving the sori exposed. The 
other races, for the most part, partially destroy the outer glumes, 
thus producing a type of smutted panicle intermediate between the 
two extremes of races 1 and 3. The spores of the buff smut, like 
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those of f/. leiris, remain intact in the sorus and are not readily dis- 
seminated as in U. avenae. Since the original buff smut race arose 
by mutation {5) it seems probable that race 3 is the result of a recurring 
mutation in U. levis that took jdace under natural conditions. Con- 
sequently, the buff smut fungus might justifiably be recognized as a 
variety of U. leris or possibly even as a distin(‘t species. 

CYTOLOGY 

The results of studies on nuclear behavior in the buff smut fungus 
indic.ate that this phenomenon is fundamentally the same as in 
Ustilago avenae and U. levis. The nuclear condition in the various 
stages of development that were observed is shown in figure 1 . The 
mature chlamydospore contains a single dii)loid nucleus (fig. 1, ^1). 
Meiotic division of this nucleus accompanies spore germination and 
one nucleus becomes located in each cell of the promycelium (B). 
The promycelium occasionally has four cells but usually three, the 
spore functioning as the fourth cell. Mitotic division of the nuclei 
of the prornycelium accompanies the budding of a sporidium from 
each cell and one nucleus passes into each sporidium, the other 
remaining in the proinycelial cell from which other sporidia may 
bud (0). Each sporidium contains a single haploid nucleus, which 
divides wdien the sporidium buds and one nucleus passes into the 
daughter sporidium, llinuclcate sporidia frequently are observed, 
in which case it is presumed that nuclear division preceded sporidia! 
budding (D). When sporidia of opposite sex fuse, the nucleus from 
one passes through the copulation tube into the other, thus initiating 
the dikaryophase (E). Each pair of fused sporidia produces an 
infection hypha into wdiich the paired nuclei })ass (F). Presumably 
the binucleate condition i)ersists througliout the parasitic stage, 
nuclear fusion occurring wdien the spores become mature. If this 
presumption is correct, then nuclear behavior in the buff smut is 
identical with that of U. avenae and U. lens. 

INHEIUTANCE OF SOKUS TYPE 

Two types of smutted panicles produced by two races of Vstilayo 
avenae were observed in one row of Victory (0. 1. StiO) oats in the 
physiologic race nursery at Pullman, Wash., in 1937. Most of the 
smutted panicles in this row had the usual browm powxlery type of 
sorus. A few panicles, how^ever, had a distinctly black indurate 
type of sorus, and the spores of this type were slightly darker in 
('olor and less prominently echinulate than those of tlie pow-dery 
type. In both types the glumes had been completely destroyed, as 
shown in figure 2. Tlie results of inoculations wdth spores from the 
two types of sorus indicated that these characters were geneticall.y 
distinct. Studies were undertaken, therefore, to determine the 
nature of their inheritance. Combinations of monosporidial lines 
were us(d for inoculum, and seed of Anthony (C. I. 2143) oats was 
inoculated and grown to maturity in the greenhouse for the Fi and 
in the field for the F 2 . The results of these studies are summarized 
in tables 2, 3, and 4. 




Fkjure 1. — Camera-liicida drawings showing the nuclear condition in various 
stages of development of the buff smut fungus. A, Mature chlamydospores. 
B, Germinated chlamydospore prior to sporidial formation. C, Germinated 
chlamydospores with sporidia budding from the promycelial cells. D, Hap- 
loid uninucleate and binucleate sporidia. Pairs of conjugated sporidia 
showing nuclei in various stages of migration: ct, Nucleus about to enter the 
fusion tube; b, nucleus passing through the tube; c, binucleate stage or dikaryo- 
phase resulting from the migration of the nucleus from one sporidium to the 
other; d, beginning the production of the infection hypha following initiation 
of the dikaryophase; e, binucleate stage in which nuclear migration was accom- 
panied or follow^ed by migration of the cytoplasm into the sporidium which 
contains the nuclei. F, Infection hyphae. 
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b'KUjUE 2. — Smutted panicles of Victory oats showiu^ two types of sums j^ro- 
ducu3d by two pliysioJogic races of Vatilago avenav. A, Powdery type, winch 
sheds spores readily. (Note spore masses that wen' shed whtm tlie ])anicles 
were tap])ed against the background.) /i, Indurate type, which does not shed 
spores. 


Table 2. — Type of sows produced on Anthony oats by tiro races of Ustilago avenae 

and hybrids between them 




Nuiuber of 

Type of sorus in’oduei'd by - 

Pan'll t sorus tyiH' 

Chlainy<lo- 
S|>ore N(>. j 

siioridial 

coinbina- 




F* 


tious 

Ki 


W) 

4 



Powdery 

57 

4 

[powdery 

f'owdery. 

58 

4 




54 

4 



Indurate 

55 

59 

4 

2 

Indurate 

In flux ate. 


«0 

2 




( 5(iX54 

8 



Powdery and indurate _ . . 

XX 

5 

6 

Powdery 

Powdery and indurate. 


1 58X60 

6 

1 
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Table 3. — Segregation of factors ^ for type of sorns in crosses between two physiologic 

races of UstiUigo avenae 


Fi 

Fa 

Chlamydospore No. and Kenotyix' 

Sporidi- 
um No. 

Sex * 

ClariiPte.s 

Geno- 

type 

Ratio 

'i'ype of sorus 


I 

+ 

P \ 

PP 


fPowderv. 

iiliiPl)) - 

2 

3 

+ 

P 

P 

Pp 

Pp 

1:2:1 . 

Ho. 

Do. 


4 


P 

PP 


Indurate. 


1 

-+■ 

P 

Pp 


Powdery. 

91 iPp) . 

2 

3 


r> 

Pp 

Pp 

4:0.. 

Do. 

Do. 


4 


p 

Pp 


Do. 


1 

+ 

p 

PP 


Powdery. 

95(Pp) - - 

2 

3 

+ 

p 

p 

Pp 

Pp 

1:2:1 

1 )o. 

Do. 


4 

— 

V 

PP 


Indurate. 


1 

+ 

p 

PP 


Powdery. 

iH>(Pp) 

2 

3 

-4- 

j’> 

Pp 

Pp 

1:2:1 

Do. 

i)o. 


4 

— 

p 

PP 


liidural(‘. 


1 

+ 

p 

Pp 


I\)wdery. 

[)7(Pp). _ 

2 

+ 

p 

Pp 

Pp 

1:0 

Do. 

Do. 

3 

— 

p 



4 


p 

Pp 


Do. 


• P* powdery: p* indurate. 

* Plu.s (4-) and minus (— ) siRtis indicate sporidin of opposite sex. 


Table 4. — Results obtained by backcrossing sporidia from a hybrid chlamydospore 
with sporidia from the parent chlamydospores to determine the heritability of sorus 
type 

PSTILAGO AVENAE 94 (Pp) X U. AVENAE 56 (PP) 


U. avenae 94 (Pp) hybrid 

avenae 50 (PP) parent 

Backeross 


Sporidium 

Sex 

Gamete 

Sf)o- 

ridiiim 

Sex 

(.hinude 

Geno- 

tyiw 

Type of .sorus 

1 


+ 

P 

2 


P 

PP 

Powderv. 

1 


+ 

P 

3 


P 

PP 


2 . 

... 


P 

V 


+ 

P 

Pp 

Pp 

Do. 

2 . 


_ 

4 

4 * 

P 

Do. 

3 



+ 

P 

2 

_ 1 

P 

PP 

Do. 

3 -- 



P 

3 


P 

PP 

Do. 

4 



P 

1 

4- 

P 

Pp 

Do. 

4 .. 



P 

4 

+ 

P 

Pp 

Do. 








XTSTlLAtiO AVENAE 94 (Pp) X U. AVENAE 54 (Pp) 


U. avenae 94 (Pp) hybrid 

V. avenae 54 (pp) parent 

Backeross 

Sporidium 

S<!X 

Gamete 

Si)o- 

ridium 

Sex 

Gamete 

Geno- 

tyj)e 

Type of sorus 

1... ... 

+ 

P 

2 



P 

Pp 

Powdery. 

1 


P 

3 

— 

V 

Pp 

Do. 

2 


V 

1 

-f 

P 

pp 

No infection. 

2... ... 

— 

V 

4 

4- 

P 

PP 

Indurate. 

3 

+ 

P 

2 

— 

P 

Pp 

J'owdery. 

a.. 

+ 

P 

H • 

— 

V 

Pp 

Do. 

4 - 

— 

P 

1 

+ 

V 

pp 

No infection. 

4.. 

— 

P 

4 


P 

pp 

Indurate. 


As shown in table 2, the 12 monosporidial combinations represent- 
ing three chlamydospores from the powdery type of sorus produced 
that type of sorus in the Fj and F 2 , and the 12 monosporidial combi- 
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nations reiirescnting four clilamydospores from the indurate type pro- 
duced that typ(' of sorus. Apparently, therefore, the chlamydospores 
from which the monosporidial lines w(‘re obtained were homozygous 
for sorus type. Tlui 28 combinations between monosporidial lines 
from the two types of sorus produced powdeuy sori in the Fj, indicat- 
ing dominanc.e of the factor for this type of sorus. In the F 2 , therc^ 
was segregation into powdery and indurate sorus types. The manner 
in which segregation of factors for the two types of sorus occurs is 
sliown by the results from inoculations with ci'osses between mono- 
sporidial lines obtained from five F, chlamydospores (table 3), and 
by backcrossing th(‘ monosporidial lines from one Fi spore with four 
monosporidial lines from one chlamydosporc of each parent (table 4). 
As shown in table 3, there was independent segregation of factors 
for sex and sorus type*- in three of the chlamydospores (93, 95, 96), 
and th(i sorus type api)eared in a ratio of 3 powdery to 1 indurate. 
The genotype ratio was found to be 1:2:1, as indicated. In chlamy- 
dospor(‘s 94 and 97, segre^gation of factors for s(‘X and sorus type 
occurred in the same' nuch^ar division and, therefore, all of the sori 
wow powd(‘ry, the ratio being 4 : 0, as shown. Theoretically, these F 2 
clilamydospores are heterozygous and should produce both types of 
sorus in a 3 : 1 ratio in the if segregation of factors for sex and 
sorus type occurs indepivndently. In the backcrosses with the 
powdery ])aient (Uslilago avenae 06, table 4) all of the combinations 
produced yiowdery sori, as expected, since this character is dominant. 
Tli(> spores of half of these backcrosses wen^ d(»termincd to be homozy-* 
gous for th(^ powdery sorus and the other half hetiTOzygous. In tlie 
backcrosses with tlu^ indurate yiarent, four of the crosses produced 
yiowdcuy sori tlu‘ spores of which weri^ heterozygous, two crosses pro- 
duced indurate sori tln^ sjiores of which were homozygous, and two 
crosses failed to infect. Pn'sumably the two crosses that failed to 
inflect would have jrroduced the indurate type of sorus if infection had 
occurred (table 4), in which case the spores would have been homozy- 
gous. All of tlie indurate sori were black, in contrast to the dark 
brown of tlie powdery sori. This color contrast probably is due to the 
slightly darker sporc^s in conjunction with color intensification caused 
by a more eifectivi* elimination of air spaces in the indurate sorus. 

It is apparent from these studios that the factor for powdiry sorus 
type is dominant over the factor for indurate sorus type and that the 
s(^gr(^gation and n'conibination of factors in the F 2 occurs in a 1:2:1 
ratio. Chlamydospores markings and color arc known to be inher- 
ited in a similar manmu’ (6'). 

SPORIDIAL FUSIONS 

In a previous report {4) it was shown that in the fusion process be- 
tween any two sporidia of IJstilago avenae and U. levis oiui s])oridium 
is active while the other appeal's to be passive. Since the sporidia 
normally are morphologically indistinguishable it was not deter- 
mined whether the active sporiilia were of the same sex and the passive 
sporidia of tlie opposite sex. Recently, however, it was found possible 
to modify the morjihology of sporidia to such an extent that those of 
one line can readily be distinguished from tliose of another line. As 
shown in figure 3, sporidia that bud on potato-dextrose agar are 
larger and more uniform in size and shape (fig. 3, /I, D) than those 
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that bud on plain agar (fig. 3, E), Furthermore, sporidia from 

plain agar usually have no food vacuoles, while those from potato- 
dextrose agar may have one to several, the usual luimber being two. 
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Figurk 3. — Photomicrograph of Ustilago levis and buff smut sporidia showing 
differences in size and shape on potato-dextrose agar and plain agar and pairs 
of sporidia in various s^ges of fusion. U. levis 91-1 on potato-dextrose agar ; 
Bf on plain agar; C, pairs of U. levis sporidia from the two media, showing stages 
of the fusion process; Z), buff 55-4 on potato-dextrose agar; on plain agar; F, 
pairs of the buff smut sporidia from the two media showing stages of the fusion 
process. 

Thus, for example, by pairing the sporidia of sex A grown on potato- 
dextrose agar with the sporidia of sex B grown on plain agar, or the 
sporidia of sex A grown on plain agar with tlie sporidia of sex B grown 
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on potato-clextroso agar, it is possible to detenriine wliicli sporidia are 
active and which are passive in tlie fusion process. 

Such pairings, which may be made with the aid of a micromanipu- 
laior, are shown in figure 8, Cf Fy and the ease with which tlui sporidia 
are distinguislu^d from (uieh other is obvious. By this means obser- 
vations were mad(^ on pairs of plus ( f ) and minus (—) sporidia of 
Ustilago ave7iae, U. leins, and th(» buff smut. In 49 pairs of U. avenae 
sporidia, the plus ( + ) sporidia, takem from plain agar, were active 
and the minus ( — ) s])oridia, takim from potato-dextrose agar, were 
passive, while in 39 other pairs the minus (— ) sporidia, taken from 
plain agar, were active and the plus (+) spordia, taken from potato- 
dextrose agar, wi'.ro passive. In 1 0 pairs, however, the plus ( + ) sporidia, 
taken from potato-dextrose agar or plain agar, were active while tlu? 
minus (— ) sporidia, taken from either medium, were passive. Thus, 
in 88 pairs the sporidia takivn from plain agar were active and the 
sj)ori(lia taken from potato-dc^xtrose agar were ])assiv(i, ngardh'iss of 
s('x, while in 10 pairs the plus (+) si)oridia w^ere active and the minus 
(— ) sporidia weri^. passive, regardless of the medium from which they 
were taken. In 93 paii s of IJ. leiris sporidia and 80 pairs of buff smut 
sporidia the sporidia taken from plain agai* were active and those 
taken from ])otat()-d(‘xtrose agar were passive, regardless of sex. 
Thenffore, it appe^ars from thes(». observations that appariuvt active 
or passive ])articipatioii in the fusion process is governed primarily 
l)y the ^^physicak^ condition of the sporidia and not hy their sex. 
(ibviously, those sporidia which are grown on jilain agar an^ in a 
starved’^ condition and apparently r(‘spond more rapidly to the fusion 
stimulus than those which are grown on ])otato-dextros(‘ agar and 
have an abundance*, of r(*serve nutri(^nts. The iO pairs of TJ. areoae 
sporidia iiKUitioned abovi*. w(*.re an exception to the g(*neral rule. 

The increased temh'ncy for sporidia of tin* smut fungi to fuse when 
placed und(*r conditions of low nutrients is a gcnierally reeogniz(*d 
fact. Cons(*(iuently, tin* mating of sporidia from a low-nutrient 
medium with sporidia from a high-nutrient medium might be con- 
sidered an unfair t(*st of their active and passive reactions. For this 
reason it seeni(*d desirabh*. to inatc^ sporidia of opposit(> s('x that had 
been grown on the saim* medium. Accordingly, observations w(*re 
mad(*. on pairs of sporidia in which the larger sporidium of eacJi pair 
repr(\s(mtcd one sex and the smaller sporidium the other sex, both 
sporidia being taken from potato-dextrosii agar. Twenty pairs of 
buff smut sporidia W(*re observed and the plus (+) sporidium was 
active in 9 pairs, the minus(— ) sporidium was active in 9 pairs, and 
both sporidia wen*, active in 2 pairs. Similar results were obtained 
with 20 pairs of Ustilago avenae sporidia, but no observations wen^ 
made on ?7. levis. These results further indicate that sporidia of 
opposite sex in the oat smut fungi may appear active or passive in the 
fusion process, depending, at least in part, upon th(*ir ‘^pliysical” 
condition. 

In the course of the studies on sporidial fusions, two sizes of sporidia 
were observed in one monosporidial line of tin*, buff smut on plain 
agar. This size differenct*. can be seen in figure 3, £*, where a colony 
of the larger sporidia is shown adjacent to and coalesced with a colony 
of the smaller sporidia. These two colonies developed from single 
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bal(una to tlie tobacco mosaic vims. The strain of Ainbalema 
selected by the senior writer and iisc^d in extensive breeding studies 
appears to be one wliich is practically immune. When it is inocu- 
lated in the field with a nonneciotic spotting (7) white mosaic 
virus, the local lesions develop prominently in the course of a few 
days as bright ytdlow spots which attain a diameter of 5 mm. or less. 
The virus appears to be completely localized in these, for no further 
chlorotic spots develop on the plants. That there is no barrier to 
rapid long-distance movement of virus in highly mosaic-resistant 
l)lants was proved by Valleau (7) when he demonstrated long-distance 
s|)read of the necrotic-spotting white mosaic virus in Ainbalema which 
is practically immune t-o it. The virus multiplied in a Turkish to- 
bacco scion grafted to Ainbalema, flowed from the scion to developing 
leav(‘s of Ainbalema where it caused num(‘-rous scattered necrotic 
spots (from which the virus was recovered), and caused no further 
symptoms. 

Hybrids of burh'y tobacH'o with Ainbalema produ(H> plants in the F 2 
g(Mieration with all degi’ces of re^sistanco betw(‘(>n that of Ainbalema 
and susc(>ptibh^ burley. The resistant plants in the generation arer 
thos(». in which the yevllow or white strains of the virus appear to be 
(*ompletely lo(*aUzed in yellow spots; those in which there is delay (‘.d 
moveiiKMit of a small amount of virus from local lesions to leav(‘s 
higher on tlu^ ])lant, where it multiplies very slowly and causes yellow 
spots; those in which larger quantities of virus move into developing 
heaves, multijily moderately rapidly to produce ring patterns (pi. 2) 
but do not invade the growing point; and possibly plants of a less(U‘ 
d(^gre(* of resistance which are difficult to distinguish from susceptible 
plants except that the young leaves are mottled but not distorted. 
In th(». present study numerous mosaic-rc^sistant burley and dark 
tobaccH) plants have been under observation both in the greemhouse 
and in the fieJd during scvcu’al years, but tlu^ c'xact distribution of 
virus was studied in hybrid burley plants in which local yellow spots 
developed when inoculated with “jiure whitt*/^ mosaic, and distinct 
yellow spots developed at points to whicdi virus was carried higher on 
the plant. It is the object of this pape^r to report these findings and to 
discuss then’ application to pattern devcJopmcuit in susceptible plants. 

DISTRIBUTION OF VIRUS IN MOSAIC-RESISTANT PLANTS 

The? exact distribution of the ^‘pure white^^ mosaic virus in a r(»- 
sistant burley plant was studied in an F 2 (F 2 burley X Ambalema) 
X burley. A lower leaf (leaf 2, fig. 1) was inoculated heavily. The 
initial spots finally coalesced to form a large yedlow area. Virus was 
carried from this area to leaves liigher on the plant where the indi- 
vidual particles or aggregates were distributed, multiplied, and 
again caused yellow spots. Invasion was largely confined to one sector 
of the plant as leaves on the opposite side remained free or nearly free 
from yellow spots. 

The extent of invasion of the plant as indicated by yellow patterns 
is represented in black in figure 1. From the points marked g green 
disks were cut, and from the points marked y yellow disks were cut 
with a cork borer 0.4 cm. in diameter. Six disks were cut from each 
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loaf. The borer was sterilized in boiling water before each cut. Each 

M 

disk was ground separjitely in 2 drops of — disodium phosphate and 

rubbed on a portion of a leaf of a burh^y t('st plant containing the 
necrotic spotting factor from Nicotiami glutinosa. The necrotic spots 



FiGuiiE J. Di.stribution of chlorotic patterns (black) in all the hjave.s of a hurley 
plant, containing the mosaic-resistant factons from Ambalema, following 
inoculation with white rno.saic on hmf 2. g indicates points from which green 
disks of tissue were cut and tested on a necrotic-spotting Inirley plant; all green 
disks proved to be virus-free, y indicates i)oiiits from which yellow disks were 
cut all of which contained virus. 

were counted 8 days later. The results of the inoculations are shown 
in table 1 . 

Disks from leaves without symptoms caused no necrotic lesions in 
the test plants. Green disks from all patterned leaves proved to be 
free from virus in spite of extensive invasion of some of these leavers 
and the close proximity of the green tissue to chlorotic viruliferous 
tissue. (See leaf 10, fig. 1.) All yellow disks proved to be from in- 
vaded areas as expected and contained a fairly high concentration of 
virus. Localization of virus in the yellow areas is clearly brought out. 
The results of this study demonstrate that in both old and young 
leaves of plants inoculated with a bleaching strain of the tobacco 
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mosaic, virus, the virus causes yellow spots wherever it multiplies in 
loaf tissue and its distribution within the leaf is quite accurately indi- 
cated l)y th(* distribution of chlorotic spots. 

Table 1. — Virus concenlratum, in yclloiv or white areas in a resistant hurley plant 
as shown hij the num ber of necrotic spots produced when macerated tissue f rom these 
areas was rubbed onto leaves of hurley plants containing the N factor from Nicoiiana 
gluiinosa 

[Leaves 1, li, 4. H, u. 14, 17, 19, 20, and 21 were syinptoinlessl 


Leaf No. (numbered 
from bottom) 

Num}x!rof Decn)tic* .spots ‘ 
prodiKied by disks from 
yellow or white areas (y) 

Leaf No. (numbered 
from bot tom 

Number of necrolie.spotsi 
produced by dksks from 
yellow- or white areas (y) 

Disk- 
No. 1 

Disk 
No. T) 

Di.sk 
No. 6 

Disk 
No. 4 

Disk- 
No. 5 

Disk 
No. 0 





10 

8 

20 

0 

2 . 

22 

15 

14 

11 , 

i;i 

9 

5 

3 ... 




12 .. . . 

IH 

(t 

7 

4 





1 

0 

2 

5. 

J4 

24 

19 

14---, .. 




C 




1,5 ... 

10 

4 

4 

7.. 

18 

24 

10 

i J0- — 

1.5 

1 11 

9 

8 .. 

20 

11 

7 

j 17 



- 

9 ! 

. . 



; 18 .. 

23 

9 “ 



1 Disks from lcave«s without symptoms and from preen areas of affected leaves produced no necrotic spots 
on the test plants. 


Another degree of resistance of a hurley plant carrying two factor 
pairs for resistance from Ambalema is illujstrated in plait' 1. Tlit^ 
photogra[)hs reproduced were contact prints made from leaves at 
various distances from the growing point of a mosaic-resistant buiiey 
plant. They are rei3roduced in natural size; yl, leaf 82 is near the top 
of a large plant just developing a blossom bud. B is leaf 30; C\ leaf 
29, and />, leaf 24. The portion of leaf photograplied is that b(d.ween 
two secondary veins. 

In leaf 32 (A) a few single vims particles or aggregates have be('n 
carried to points on small veins where they have multipli(*d, sprt'ad 
from cell to cell, and produced chlorotic (black on the contact pr*int) 
spots. In leaf 30 (B) the spots are larger and sonu'what more nu- 
merous. In the older leaf 29 {(T) the spots have increasral in size and 
are beginning to coalesce, which indicates that the tissues are slowly 
becoming solidly invaded. In h'af 24 (D) definite ring patterns arc 
evident, and certain portions of the h'uf an'. compU'ti'ly invaded. In 
plate 2, A and B are from another plant of the same degn'c' of r(‘sistance ; 
A represents a recently invaded leaf showing numerous centers from 
which the virus is slowly spreading by cell-to-cell movement; and 
B represents a leaf which has been slowly but completely invaded. 
The ring-spot symptom in this and other virus diseases is an indica- 
tion that invasion occurred when the leaves were w'('ll developed. 
From the practical standpoint the', degree? of resistance', shown in 
figure 1 represents immunity in the field, while the degree of resistance 
shown in plates 1 and 2 is such tliat with moderately heavy 
infection at setting time with a rapidly multiplying bleaching 
strain of virus the plants will become slowly invaded and infection 
will consist in scattered chlorotic ring patterns but with no distortion 
and only a slight retardation of growth. Inoculation after the plants 
have commenced rapid growth usually causes only local infections. 
Under farm conditions where a susceptible variety becomes heavily 
infected plants of the degree of resistance illustrated in plates 1 and 
2 show no evidence of infection. 




Invasion by white mosaic virus of a White Ihirley t,ol)acco ])Iant (‘ontaining llie 
two factor pairs from Ambalcma: -1, Leaf 22; B, leaf 30; C, leaf 29; />, leaf 24. 
Leaf 32 is from near the toj) of the plant; the others are numbered in descending 
order on the stalk. Dark areas n^present chlorotic s])ots w^Iktc virus particles 
have been carried through the vascular system, be(U)me lodged, and have 
multiplied. Contact prints made by using a portion of the leaf between two 
secondary veins as the “negative.” Natural size. 


■f/i 




% 


itSiisSSnsSslfes 

v!ruffron/imm’3.s centers, l,hc ring imt, terns having developed afl.er Uie leaf 
was fully grown. Contact i)rints shown. Katural si/o. 
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VIRUS DISTRIBUTION AS RELATED TO PATTERN DEVELOPMENT 
IN SUSCEPTIBLE TOBACCO 

In mldiiion to tho praciicaJ value of ilu' use* of white mosaic virus 
in breeding for r('sist«n(r(‘ tin' results arc* of tlieoretical value in giving 
a betti^r understanding of pattern d(‘V(doprn(‘nt in siisc(‘ptible plants. 
The tobacco mosaic virus ])roduc(*s sc^veral distinct s(*ts of symptoms 
in tobacco plants, d(‘p(‘nding upon th(‘ strain of the virus used and 
the genotype inoculat(‘d. Routiiu' bn'eding studi('s for mosaic r(‘sist- 
ance and tlu' results of tlie present studi(‘s hav(* thrown much light 
on the nature of these patt(‘rns, a discussion of which may t(uui to 
give those unfamiliar with mosaics a better understanding of pattcun 
development. 

The development of th(‘ ordinary gnaai patterns produced by most 
of tlie common strains of the tobacco mosaic virus can be understood 
if one r('aliz(\s what. 0 ( curs in a slowly invad(Ml mosaic-nisistant plant. 
TJie leaves illustratcul in platen ] were well developcMl before^ virus par- 
ticles invaded tluun. Th(‘ paj*ti(*l(^s wen* scattered through the leaves 
and each formed tin* C(mt('r of a chlorotic pattern. If the growing 
point of this r(*sistant plant tog(*th(*r with the virus present were 
telesco])ed to form the growing point of a susceptibh* dis(*ased plant 
then the developm(*nt of ])atterns in the susceptibh* variety would be 
i*eadily understood. Tlu* young<*sl leaf primoi’dia would b(^ virus-free, 
form(*d lcav(*s in tlu* bud would contain an occasional virus particle, 
sliglitly old(*r l(*av(*s would have chlorotic areas or pattcTns wh(‘re 
particles had niultipli(*d from a h^w cent(*rs, and still older leaves would 
be patterned but would lx* invaded more or less solidly because of 
cell-to-cell ijivasion into healthy tissm* surrounding the points of 
virus multiplication. A limit(*d study of virus distribution in growing- 
point leaves has indicated that invasion of growing points of sus- 
cc^ptible plants takes place in tlu* maniu*!* d(>scribed and that much of 
the tissiK^ of tlu^ growing point is virus-free. 

Cc'.i’tain of the ordinary green strains of tobacco mosaic virus cause* 
the inoculated area on a fully grown leaf to slow ly beconu*. chlorotic 
and then lu^crotic. The virus carried to leav(*s too old to d(*velop 
])att(U’ns but young enough to be expanding nji)idly, quickly invades 
them from numerous centers wdiere partich*s are deposit (xl, and finally 
causes extensive* necrosis. Tlu'se are the burning strains. In the 
younger leaves ordinary mottle* patterns with l)ut little necrosis 
develop. 

Ring patterns are a ceimmon symf)tom of virus diseases {S), Occa- 
sionally a plant is found affecte'ei by a strain of tobacco me)saic which 
causes ring patterns anel wdiich produce*s them when transferrexl to 
other tobacco ])lants anel to tomatoes (^). J^lates 1 and 2 slrnw^ that 
ring patteu'iis devedo]) whe»n virus particle^s ai*e distributee! in fairly 
wedl-developed leaves too late to preve*nt the initial normal de*ve*le>p- 
me*nt of chloro])lasts. The bleaching strains, as they aelvance^ from 
these cente>rs into moele*rately resistant tissue*, elevelop the^4jie*se*gang’' 
type of pattern made up e)f bands of greeui anel ye*llow^ tissue (pi. 2.) 
The leaf finally bleaches to a light green or ye>Ue)w. Any yellowdng 
strain which m\iltiplies at only a moderate*, rate could cause ring 
patterns in a susceptible variety because chloroplast development 
would proceed faster than virus multiplication and spread in young 
leaves, and the leaves would attain considerable size with no distor- 
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tion before the infected spots became apparent. As the virus in- 
vaded the older and more resistant tissue, ring patterns would result 
as in the mosaic-resistant leaves pictured in plate 2. 

The patterns sliown in figure 1 are typical of speckled mosaic, a 
disease which is of rather rare occurrence in nature (4). A slowly 
multiplying bleaching virus, rather than a slow-moving one, as 
postulatod by Norval (6*), can produce exactly the same effect in a 
susceptible plant as a rapidly multiplying one in a highly resistant 
j)lant. In each case the virus remains in the inoculated area an 
abnormally long time, and when released is carried to leaves higher 
on the plant whore it again multiplies so slowly that only yellow 
specks develop as the leaves expand. Thus the growing-point tissue 
and young leaves in the bud are practically virus-free and distortion 
does not occur. 

Masked strains such as Holmes {1) obtained by heat treatment 
have been collected by the senior writer on several occasions from 
solanaceous weeds collected at random in an old tobacco-growing 
area. On inoculated Turkish tobacco plants an occasional, faint, 
green ring pattern can be seen which may disappear in the course of a 
day or so. A masked strain seems to bo in the nature of a non- 
bleaching, slow-multiplying strain. Young loaves are uninvaded or 
slowly invaded and visible patterns are not formed except for 
occasional faint rings. 

SUMMARY 

The progress of a bleaching strain of the tobacco mosaic virus can 
be followed accurately in a mosaic-resistant plant by the development 
of chlorotic patterns in invaded loaves. The virus appears to be 
confined almost completely to chlorotic areas, especially in old leavers. 
The distribution of chlorotic spots in a highly resistant plant inocu- 
lated with a bleaching strain gives fm’ther proof that virus distribu- 
tion in a plant is by long-distance movement of virus particles or 
aggregates of particles, from points of inoculation and multiplication, 
followed by slow cell-to-ccll movement of virus in the immediate 
vicinity of the point of lodgment of the virus particle. Resistance 
appears to result in slow multiplication of virus at the points of 
inoculation and slow release or complete failure of release of the virus 
into vascular tissue for long-distance spread. The meclianism which 
controls release of virus from local infections in susceptible and resis- 
tant varieties is not known. 

Rate of multiplication of virus, rather than rate of actual move- 
ment of virus particles within the plant, seems to explain the dif- 
ference between so-called slow-moving and rapidly moving virus 
strains. There appears to be no evidence that one strain moves more 
rapidly than another once it is released from local infections for 
long-distance transfer. 

A study of virus distribution in mosaic-resistant plants aids in 
understanding pattern development in susceptible plants. Many of 
the different symptom complexes wliich occur in susceptible tobacco, 
such as mottled mosaic, ring mosaic, speckled mosaic, etc., which arc 
correctly attributed to different strains of the virus, can bo duplicated 
in resistant tobacco by the use of a single virus strain on plants of 
different degrees of resistance. 
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VIRUS DISTRIBUTION IN THE LEAVES OF MOSAIC- 
SUSCEPTIBLE TOBACCO PLANTS INOCULATED AT 
TOPPING TIME' 

J^y W. I). Valleau, plajit palhologisty and Stephen Diac hun, assistant in plant 
paihologyy Kenlacky Agriculinral Experiment Station 

INTRODUCTION 

The extent to wliicli tobacco plants inoculated with mosaic v irus at 
toppings time may become invaded by harvesttime is not known. 
The movement of virus into w^cll-developed uninoculated leaves of 
tomatoes and Turkish tol)acco has been shown to be slow, 3 weeks 
being: recpiired for the invasion of rapidly growino* tomato plants, wuth 
invasion still incomplete at the end of 3 months in field-growm fruiting 
tomato plants." 

This paper presents evidence on the distribution of virus in old 
leaves of susceptible ])lants of burley toba(‘Co (Nicotuina tahacuni L.) 
inoculated at top])ing time and its relation to visible symptoms when 
a bleaching strain of the virus is used. 

VIRUS DISTRIBUTION IN MATURING SUSCEPTIBLE 
WHITE BURLEY PLANTS 

Three plants of Kentucky No. Hi burley growing in a ground bench 
in the gn'enhouse were topped and inocidated with the ^‘pure white” 
mosaic virus, a strain isolated from white mosaic collected from pepper.^ 
On plant 1, four immature top leaves were inoculated; on plant 2, 
three fully grown lowed* leaves were inoculated at three ])oints equally 
disti’ibuted along the mid veins; and on plant 3, all the leaves were in- 
oculated at three points on one half of each leaf. 

UNrNOCULATEl) UEAVES VIUUS-FUEE 31 DAYS AFTER INOCULATION OF PLANT 

After the inoculation of the plants the new growtii developed wdiite 
mosaic. The inoculated areas became yellow and gradually increased 
in size. The uninoculated leaves of plants 1 and 2 remained syni])- 
tomless. Thirty-one days after inoculation, six cork-borer sections 
l.T) cm. in diameter were cut from each uninoculated leaf of plants 
1 and 2, from green ])ortions of inoculated leaves of plants 2 and 3, 
and from infected suckers of all three plants. The six disks from a 

M 

leaf were crushed together in O.o cc. of ~ disodium phosphate and 

rubbed on one-fourth of a leaf (25 to 30 cm. long) of a burley test plant 
carrying the necrotic s])otting factor from A icotiana glntivosa. The 
uninoculated leaves w^ere all symptondess and proved to be virus- 
free (table 1). Apparently there had been no invasion of these leaves 

* Received for publication April 15, 1940. 

* Hawdkn, F. C. plant vikuses ANII VIRUS PiHEASKS. 272 pp., illus. Leiden. 1930. See eh. 13. 

* See Johnson, E. M. virus diseases ok tobacco in Kentucky. Ky. Apr. ExjU. Sta. Bui. 300. pp. 
285 415, illus. 1930. 
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Table 1.- — Number of necrotic spots produced on hurley test plants when inoculated 
with disks cut from 2 Kentucky No. 16 hurley tobacco plants 31 days after inocula- 
tion on top 4 and basal 3 leaves^ respectively 


1 


2 


Plant No. 


Part sampled 


[Leaves 1 to 11 

I Leaf 12 (inoculated)-. 

Leaves 4 to 1 4 

[Leaves 1 to 3 (inoculated, Rreen areas) 

iBavSal suckers - 

[Top suckers-.. . 



Number of 
disks 

Necrotic 

spots 

produced 


66 

0 


6 

500 


6 

400 


6 

500 


66 

0 


18 

0 


6 

400 


6 

400 


in tlie 31 days following inoculation. The inoculated leaves on plant 1 
(upper) were spotted with nuinerous yellow spots and contained a high 
virus concentration. They appeared to be almost completely in- 
vaded. The mottled suckers, as would be expected, contained a high 
virus concentration. The uninoculated leaves of plant 2 and the green 
portions of the inoculated leaves (mature when inoculated) were 
symptomless and virus-free. The results indicate a rapid develop- 
ment of mosaic virus in young tissue (upper inoculated leaves of plant 
1 and suckers) and an extremely slow cell-to-ccll invasion of older leaf 
tissue (inoculated lea ves of plant 2). 

VIRUS INVASION OF UNINOCULATED LEAVES 

Forty days after inoculation some of the middle heaves of plant 1 
and the two uppcM* leaves of plant 2 showed some chloi’osis of the l(‘af- 
blade tissue along the bases of the inidveins. After 45 days five leaves 
of plant 1 and tlu^ two upp(U’ leav(»s of plant 2 were chlorotic along the 
mid vein and th(‘ secondary veins. After 52 days one more leaf on 
plant was becoming chlorotic and after 59 days all but two leaves of 
plant 2 showed chlorosis along the base of the midrib (fig. 1). Tlui 
invasion of these leaves was slow and evidently from voll to cell fol- 
lowing the larger veins and slowly spreading from them into the blad(‘ 
tissue. From thes(^ results it is evident that the white mosaic virus 
can produce prominent symptoms in the invaded portion of old matures 
leavt's. 

VIRUS DISTRIBUTION IN INOt'ULATED I.EAVES 

After 31 days the inoculated heaves of plant 1 (four top leaves) 
were extensively invaded, as has been showi). The inoculated leaves 
of plant 2 (three bottom leaves) were mature at the time of inocula- 
tion and showed comparatively little invasion as indicated by chlorotic 
patterns. The leaves of plant 3 were in all stages of development 
from mature basal leaves to recently expanded top leaves when 
inoculated. Individual disks were cut from isolated green areas, 
from green areas near yellow areas, and from yellow areas of the 
inoculated leaves of plants 2 and 3. The disks were tested on hurley 
test plants. The distribution of yellow patterns on the inoculated 
leaves, the location of the disks selected, and the results of inocula- 
tions with the disks are shown in figure 2, A, for plant 2 (31 days after 
inoculation) and in figure 2, 7?, for plant 3 (37 days after inoculation). 

Figure 2, A and By show^s the slow development of chlorotic yellow 
patterns in old leaves inoculated more than 30 days previously, and 
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FifJURE 1. — Spread of pure white mosaic virus into old leaves of topped Ken- 
tucky No. 10 hurley toliacco jilant 1, which was inoculated at- the toj) Feliruary 
4, 1939. Those leaves were symptoinless until March 0, 1939. Photographed 
April 0, 1939. /I, Eighth, Hy si.xth, and C, fifth leaf from bottom. Samjiles 

taken 31 days after inoculation were virus-free. 



Figure 2 . — Ay Representation of chlorotic yellow patterns (black) on lower 
inoculated leaves 1, 2, and 3 of plant 2, 31 days after inoculation; z indicates 
points from which cork-borer sections were taken which produced no necrotic 
spots on test plants. The figures indicate the number of necrotic spots on test 
plants inoculated with sections taken at the end of the dotted lines. R, the 
same as A for plant 3, 37 days after inoculation. Leaves are JuimVjered from 
below upward. 


252 Journal of Agricultural Research Voi. 02, No. 4 


(lomonstratos tliat virus distribution is fairly accuratt'ly indicated by 
the yellow patterns in a siis(*eptible plant. Yellow areas contained a 
bi^li virus (roncentration, j^^reen areas located very near yellow areas 
were virus-fre(‘ or cofitaini'd a low virus concentration^ while well- 
isolated j^reeii an'as were vdrus-free. On plant 3 (fi^. 2, B) when 
inoculations were nuuh^ at three placets on one side of the inidv(un 
the virus gnidually spread to the midvein, crossed it, and spread 
slowly out alon^ the s(‘condajy veins. Except for initial long-distance 
carriages of viius following inoculation there is no evidence of any 
typ(‘ of spread in these leav(»s other than slow C(dl-to-cell movement. 
The fact that the patterns follow the V(*ins probably has nothing to do 
with veins as conductors of virus, but means only that there is an 
abun(lanc(> of parenchyma tissue in which the virus can multiply. 
The value of a white strain of tlu^ virus in a study of virus distribution 
is evident. 


COMPARISON OF FIVE VIRUS STRAINS 

l"he study (d‘ virus spread in susc(*ptibl(‘ burhy plants was con- 
tinued by the use of nine plants for inocuilations with five distinct 
strains of tlu' tobacco mosaic virus. One strain was the pure white? 
mosaic us(‘d in the? previous test, two w(‘r(? (*()llect(?d as white mosaics 
but w('re recognized as diHVrent st.i*a,ins, onu was a yedlow mosaic, and 
one a ‘d)urning” strain of a green mosaic. Tlu^ plants inoculaU'd we^n^ 
grown in a greenhouse ground beuich and W(m*(? as large' as vigorously 
growing fielel plants. Each was te)pi)eel at a he'ight of aboui 5 fe'e't. 
Plants we're inoculated on the tips of the te>p leaves (plants 1, 3, 5, 
anel 7) or e)n the e'elge e)f one side of lower h'ave's 6, 7, anel 8 about 
mielway be'tween tip anel base? (plants 2, 4, (>, anel 8) or e)n the te)p 
thre'e anel lowe'r three? leaves (plant 9). ReM'e)rejs we're kept of the time? 
of invasion of the various suckers, appeararuM' of loe?al lesions, visible? 
spre'ad into ve'ins of inoerulated le?aves, anel spre^aei into the' base of 
uninoeuilated le?aves. The? re?cords are given in table? 2. Symptoms 
appe'are'd about as folle)ws: Chlorosis in inoculate?el areas in about 9 
days, with ve*in e?le'aring in leaves of the top suckers appearing almost 
simultane?ously on te)i)-leaf-inoc?ulateel plants, anel about 9 days latei* 
in bottom-le'af-inoculated plants. Vein clearing in the le)wer sucker 
appeared 5 to 11 days after tlu? local lesions, anel in all instances but 
two occurreel after b he first appearance in the top suckeis. This may 
have been causeel in part by the slower growth of the bottom suckers. 
Visible spreael of symptoms along the ve'ins of ine)culate?el leave?s 
reejuire'd from 10 to 29 days, during which time the? chlorotie? area at 
the point of inoculation graelually increased in size?. IJninoculated 
leaves were uninvaeleel so far as visible symptoms were concerned 
until 30 elays after inoculation, when one h'af showeel infee?tion. By 
the 38th day after ine)culation other leave's had develope?d chlorosis. 
Afte?r that invasion was gradual along the mielve?in and late?rals. 
The blade tissue was the last to be invaeled. The burning strain of 
the virus on plant 9 caused necrosis around the inoculated areas, 
and 55 days after inoculation the midveins of all leaves showed 
chlorosis caused by slow spread of the virus. As the burning strains 
of the vij’us are commonly found in tlie li(?ld this observation proves 
that at^least some of the common field strains cause symptoms in old 
as well as in young leaves. 



253 


Fob. i.% ]B4i Virus Dislribution in Susceptible. Tobacco Plants 


Table 2. — Time of appearance of symptoms in various parts of tobacco plants 
inocalaled -with five strains of the tobacco mosaic virus 





Number of days ret] Hired for fii-st ajrfX'arance of - 

I'lant 

No. 






('hlorosis 

("hlorosis 

Virus 

fA'aves jnoeuIate<i 


Vein 

Vein 

in sonn^ 

of mid- 



Local 

chlorosis 

(‘hloiosis 

veins of 

veins of 




lesions 

in P)]) 

in lt)wer 

the 

unintuai- 





suckers 

suckers 

inocii- 

lat(‘d 







latisi leaf 

It'aves 

1 . 

White A 

'I'op 3 

to 

{I 

■ 

Hi 

H) 

38 

2 

. do 

llottoin (). 7, and 8. 

() to in 

If) 

H) 



.3 - 

White M . .. 

'1(11) 3 

5) 

1) 

Hi 

to 

38 

1 

. (io 

Hottom h, 7, and 8 . 

lU 

1(> 

21 

2!) 

•13 


Yellow ... 

'I’oji 3 


10 

Hi 

Hi 

30 

(i. - 

<lo 

Hottom f», 7, and 8 . _ 

t' 

10 

17 

21 

43 

7 

Cure wliiti' 

Top 3 - 

«) 

0 

14 

Hi 

38 

8. 

.do 

Hoi torn fi, 7, an<i S . . 
Top 3 ami bottom (5, 7, 

t» 

17 

It 

to 

47 

(» 

Tturn mosaic.. 

21 

0 

Hi 

31 

4.3 



and 8. 







Twonty-oiglit (lays aft(*r iiu^culatioM fi disks 1.5 cm. in (liam('t(M* 
\V(M-o cut from tlu‘- lij’lit side* of (‘acli iminociiIatcMl Itaif with a coj'k 

M 

borer. Tlio 0 disks wenv ground log(dh(‘r in 0.5 (*(*. of y- disodiiim 

phosphate and rubbed on an int(‘rv(‘inal area of at haist 40 em.“ of a 
hurhyy test j)lant. Fjom th(‘ ino(*ulated kaives 12 disks W(*re eut, G 
from green and G from (dilorotie aivas. I'lie results of the iTuxudations 
ar(> given in table 3. Tluw indicate' that 28 days after inoculation 
tlune had been practically no invasion (^f unino(‘ulat('d l(‘av('s by any 
OIK' of th(> live virus strains used; that invasion of ino(*ulated I('aves 
was ]iot yc't com|)lete, with the possible' e'xce'ption of the' top le'aves 
inoculate'd with the burning strain; and that thv distribution of the 
virus is indicated fairly accurate'ly by thei eh've'lopment of chlorosis 
as healthy tissue is invaded, The're appe'ars to be' no significant 
eliirerence in virus distribution within the plant betwee'U any of the', 
five virus strains tested, which suggests that I'e'sults obtaine'd witli the' 
strain pure' wliite' can be considered as about typical of what may be' 
expeu'ted fmm tlu' oielinaiy lie'ld strains so far as plant invasion is 
(•oncerned. 


"J'able 8. Approximate number of necrotic spots produced on 40 cm.' of leaf of 
burley test plants rubbed with a composite of six disks per leaf 


\y indicales disks from chlorotic areas, all others from green areas; disks cut 28 days after inoculation] 


Leaf No. (num- 
bertMl from tho 
bottom) 


Number of neerotic. spots produtv.il on |)hint No, 



1 

2 

3 

•4 

.5 

0 

7 

8 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5 . 

«i ... . 

0 

0 

0 

0 

0 

0 

0 

0 

0 1/ -1 0 

0 

0 1.50 

0 

0 g-30 

0 J/-2 00 

0 V- 'M) 

l‘ 

Oj/ l(K) 

0 g 71) 

7.. 

0 

0 // 1.50 


0 y-m) 


0 g-lIM) 

0 

0 J/ 70 

0 y -6.5 

8 .. 

0 

0 y- 80 


0 1/- 2(K» 

0 

0 g-2(M) 

0 

0 g-80 

0 

9 to Hi. .. . .. . 

0 

0 

0 

0 

0 

0 

0 

0 

0 

17 . 

0 

0 

0 

0 

0 

0 

0 g KM) 

0 

3 

18 .. 

0 

0 

0 g-1,50 

0 

0 

0 

2 J/ 150 

0 

3 2(H»g 200 

10 yy 

0 g-200 

0 

t) y-m) 

0 


0 

0 y-lO 

0 

^ 200 g- 200 

20 

50 |/ - 2tKl 

0 

30 y-‘m 

0 

0 

0 

0 

3 200 g-200 

21. .‘''y. ”■ 

Leaf from 1 top 

(K) J/-200 


0 

0 

0 


0 

sucker , 

200 

1.50 

2(K) 

2(K) 

40 

2(K) 

70 

200 

2(K) 


* Leaf old and generally chloroti(! and green burning strain which does not (;aus(^ much chlorosis. 
‘ lA>af invaded at baso of midrib. 

^ Green areas slightly mottled. 
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VIRUS DISTRIBUTION IN FIELD-GROWN PLANTS 

A study somewhat similar to the greenhouse studies recorded above 
was made on hold-grown Kentucky No. 16 hurley plants. The pres- 
ence of chlorosis was used to indicate the distribution of the white 
mosaic virus within the plant. One liundred and twenty White 
Burley plants were inoculated immediately after topping as follows: 
30 plants on the tip of the upper leaf; 30 iilants on the tip of a lower 
green leaf; 30 plants on the broken end of the stalk left when the top 
was broken out; and 30 plants topped with hands wet with juice from 
a pure white mosaic plant. 

The results iit the end of 26 days when the remainder of the crop 
was liarvested can be briefly summarized. Plants inoculated on the 
tip of the upper leaf had developed local chlorotic lesions around tlie 
points of inoculation, and chlorosis had spread a few inches along tlie 
mid vein and lateral veins or throughout the leaf, depending upon 
whether the leaf was fully grown or was immature at the time of 
inoculation. The top suckers developed mosaic. No leaves other 
than the inoculated leaf and sucker leaves showed any sign of inva.sion. 
Only 3 of 30 plants inoculated on a lower leaf devekjped mosaic. The 
season was dry and the lower leaves yellowed and died before harvest. 
Of those inoculated on the broken end of the stalk all but 1 develoi)e(l 
mosaic in the upper suckers; 10 less mature plants showed oc(‘asional 
yellow spots up to 2 or 3 inches in diameter and occasional yellow veins 
on the upper 2 or 3 leaves. The virus had evidently been carried 
rather (juickly into these leaves, as many of the spots were present on 
them within 10 days after inoculation and increased in size during the 
next 2 weeks. The remaining leaves on these plants were free from 
chlorotic spots and both they and the green portions of the invadetl 
leaves presumably were virus-free. All of the plants inoculated by 
topping with contaminated hands developed mosaic in the tipjier 
suckers and 16 plants had scattered chlorotic veins on the upper 2 or 
3 leaves similar to those in the group inoculated on tlie broken end of 
the stalk. The more advanced the stage of bloom at topping time the 
less the likelihood of invasion of the upper leaves. 

SUMMARY 

From the greenhouse and field studies reported here it appears that 
highly susceptible burley tobacco is invaded very slowly following 
inoculation at topping if the leaves have attained almost full size when 
the plant is inoculated. The top leaves of plants not yet in bloom 
becoine invaded by the virus in scattered spots, but the leaves age 
sufficiently before the virus becomes general so that it is localized to 
some extent in spots, which slowly increase in size. The advance of 
virus into mature leaves is extremely slow. At the end of a month 
uninoculated leaves of inoculated greenhouse plants were virus-free; 
at the end of 2 months the midveins and laterals of some leaves were 
invaded, though the blade tissue still remained free from virus. From 
the practical standpoint the results mean that infection at topping 
can have little or no influence on quality of the cured leaf of burley 
tobacco if the plants are topped in the full-bloom stage. If they are 
topped early, when the flower buds are just beginning to show, some 
upper leaves may be affected. 
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THE DISTRIBUTION AND RELATION OF FIBER POPULA- 
TION, LENGTH, BREAKING LOAD, WEIGHT, DIAMETER, 
AND PERCENTAGE OF THIN-WALLED FIBERS ON THE 
COTTONSEED IN FIVE VARIETIES OF AMERICAN 
UPLAND COTTON ' 

Hy Jerry H. Moore 

Cotton tfT,h nolog ist^ Agronomy Department, North Carolina Agricultural 
Expert ment Station 

INTRODUCTION 

Tli(‘ inriii ol)j(‘ct of tlu' work pr(‘S(‘nt(‘(l in this prjxn* was to (h'tor- 
imnv th(‘ distribution and relation of fiber population, h'n^tb, bna’kin^ 
load, w(‘i^ht, diann'Uu', and percentap* of thin-walh'd fibers on the 
<*ottons(Mai in fiv(‘ vari(‘ti<'s of Anna-ieuTv upland cotton (Gof^f^ypiutn 
/ilrKutum 

C\itton fibers are elon^ab'd (‘pid(‘rinal cells, or hairs, the cellulose 
w'a.lls of which may show a. wide variation in thickness on a. single 
se<al of a s(*lect('d variety of cotton. Fibers on a single scaal also 
usually vary consid(‘rablv in diaimder, hais^th, strcMij^th, a?vd unit 
wi'itrht . Si!ic(‘ a comuK'rcial lot of cotton is deriv(‘d from many simhIs 
corning from many f)lants, it is appanmt that tin* varia.tion of any 
])hysical fib(*r prop(‘rty in a comm<‘rcial sa,mpl(‘ d('p(‘nds upon thi‘ 
variation on singh' siaals, betw('<‘n seials, and betw(‘cn plants. Uni- 
formity in any particular fibcT property, such as length, is somethin^*: 
which the cotton br(‘(*d(‘r looks for in making phint sidections. If tluM’c 
are inh(*r(*nt diffenMices Ix'tweiai |)lants, the breedtu* can isolate th(‘ 
|)la.nts which show rtdatividy hi^li uniformity for tin' vai'ious physical 
iibc'r propi'rties and thus dcwelop superior strains. Tlu' succt'ss which 
th(' bi*('ed('r may havi* in makiiiiz: plant selections for filx'r pro[)i‘rti('s 
is limited by tin' de^riu' of variability of these propc'rties found upon 
tin' s(*{*ds of a plant. Thus it appears that investigators in'C'd much 
information about tin* location, the population, and tin* physical 
profx'rties of lilx'rs on the secai coat. 

Literature on this subj(*ct is limited. Tin* author^’ found that 
tin* filx'r population is sf)ars(^ at tin* micropvlar ('ixl of the si'i'd and 
becoirn's d(*ns''r toward tin* cbalazal rej2;ion, beinj^ (h'nsest at tin* base 
arul around the point where the vascular bundle s(‘parates into pri 
mary vc'ins. Accordinsr to Camplx'll,-^ th(' p('rcenta^(' of undevc'loped 
filx'rs (bavins: tbin walls) is highest at tlie basal ('inl of the sc'i'd, 

' Kcecivcd lor pnhlicjition Mnrch ‘2‘.L 1B40. Technimi aap(*r No. 117, Doiwtirirnl of Ai^ronoiny, North 
('arolina Apriculfiiral Kx|K>riru('nt Stntiori. rhi.s paiM*r inchidos a thosis .suhmittod to l)uk<‘ I ' riivorsity 
in imrtial fulfillment of the rerjuireincnls for the deirree (»f (loctor of philosojiliy, awarded June IWVL 
• MoOKE, .rEKKY II. A HTUPV (»F THE UI.STRIlil'TION OF TltK FIHER POl't I.ATIO.N ON THE SEEP COAT OF 
NAKEP-sKKP COTTON ANp OTHER TYPES. (Unpublished muster’s tlu'sis. Copy on file N. C. State 

C(jl. Lihr.j 

•' Camphecl, Hoy C. some fa(;toiis which influence the development of the cotton fiber cell 
WALL. I Unpuhli.shed master's thesis, ('opy on file N. C. State Col. Lihr.l 
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becoming lower as the pointed end is approaciu^d. He states that 
this fact, together witli the previous research on filx^r distribution on 
the seed coat, indicat(‘s that the percentage of undeveloped fibers 
increases as the density of fiber population increases. Campbell 
concludes tliat the percentage of undeveloped fibers on a single seed 
or plant may be influenced by variation in fiber length, the area of 
longer fibers being associated with the greater percentage of undevel- 
oped fibers. Koshal and Ahmad ^ studied the fibers on single seeds 
of Surat and Standard Indian cottons. They report that the mean 
fiber length for fibers at the base of the seed is significantly greater 
than for fibers at the apex of the seed ; that the mean fiber weight per 
unit of length and the mean fiber strength are significantly greater 
for th(' api(‘al than for the basal fibers; that the values of the mean 
fiber lengths, fib('r-l(>ngth distribution, fiber weight, and fiber strc'ngth 
ar(‘ practically the sam(» for the right and the left flanks of the seed 
coat; and that there* is a distinct tend(*n(*y for a high ginning percentage* 
to be* associated witli low pe>rcentage differences betwee*n mean fibe*r 
h>ngth of hairs taken from the ape'x anel the base of a se*eel. 

MATERIALS AND METHODS 

Five* iinfiroved e'omme*rcial varieties of Ameirican upland cotton 
bearing a full coat of fuzz hairs on the seed W(*re* sede*cte*d as material 
for the investigations. Previous measurements on the*se varieties hael 
indicated that they show diff(*re>nce>s reJative to certain boll, see'el, and 
fiber jireipe^rties. 

The five varieties we^re grewn at Kale*igh, N. C., eluring the 1987 
season, with tw^o one‘-row^ replications for each variety. The va- 
rieties received tlu* sann* cultural and fertilize*!’ tr(*atTnent, which was 
similar to that usually given cotton, and the soil app(*arod to be uni- 
form. Therefore* variation caused by environment was probably not 
important. The planting plan is giveri in table* 1. 


Table 1. — Planting plan of the five cotton varieties groivn for ike fiber distribution 

and correlation studies 


Series 

No. 

Variel y 

H ow 
No. 1 

Series 

No. 

Variety 

Row 
No. 1 


fMexicfui 128 .. 

1 


{Mexican 128.. 

0 


Coker-Clevelnnd .884 4 

2 

1 

roker-Clev eland 884 4 

7 



{ Farm Helief No. 1 

.3 

2 

1 Farm Relief No. J 

8 


Acrala 4007 .. 

4 


A(!fila4007 

9 


iRowdeii 40. . .. 

.5 


iKowden 40 

10 


* All rows 150 fcH't long. 


When most of the bolls on the cotton plants hael matured anel 
opened, one lock was piedcexl from each of 25 plants of mch variety^ 
and se*ries. The'se locks (a lock is the seed cotton in a locule) were 
pickeHl only from those bolls which api)eared to be normal in appear- 
ance anel fre*e* of elisease* and insect injury. The* sample for each 
variety was put into a paper bag, whiedi was then prope*Tly labeled 
anel stored in the laboratory. 

In the laboratory 5 locks from each series of eacli variety were 
pickenl at random from the bags containing 25 locks, giving a total 
sample of 10 locks of each variety. One seed from the middle of each 

* Ko.shal, Ram Sakan, and Ahmad, Nazir, variations in the properties op cotton fibre in rela- 
tion TO ITS PO.SITION ON THE SURFACE OF THE SEED. Textile Inst. Toiir, 23- T2n-T2f)<3, llhis. 1932. 
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of 10 locks of each variety was carefully removed so as to huive the 
attached libers intact. Such a procedure gave a sample of 10 seeds 
from 10 random plants of each variety. 

A h'atluu’ punch was used to cut out definite areas from the si^ed 
coat with the libtu’s attached. The author had previously used a 
dillVrent method for counting the fiber population. In the earlier 
investigation the fibers had been pulled from mature seeds taken from 
bolls pr(>served in formalin before they opened, the sc'cds liad bi'cn 
dippi'd for a few seconds in a staining solution, sections had been 
cut free-hand from six regions on tin' set‘d and mounted on a glass 
slide, and the number of fiber scars (all fiber scars were stained) had 
b('(*n counted by th(‘ aid of a microscope. Knowing the anai of the 
microscopic field, the author had then calculated the filxT population 
p(U‘ square milliimder of the S(^ed coat. 

In th(' jiroldern pr(‘sented in this jiaper, however, it was necessary 
that all the fibcu's from (‘a(di point on th(‘ se(‘d coat be count('d and 
also sa.v(‘d for measuremiMit of some of their pliysical properties. For 
this reason tlie leatlKU* punch was used in pref(>r('nc(‘ to th(^ method 
just (h'scrilxHl. A seed w^as cut transv<‘rsely into threi' parts by using 
a. scalp(‘l, and th(', embryo was riunovcHl. Care was oliserved to avoid 
cutting or losing filx'rs from the sih'cted regions on the s(H‘d coat. 
Tlie cutting w^ith th(‘ haither punch was done from the inside of the 
S(‘(‘(l coat. Wlien tlu* punch Itad just about passc'd through tlie S(‘ed 
coat, pr(*ssur(‘ was ndeaxsed and th(' circular area carefully nunoved. 
Six regions, or locations, nunib(*red ont‘ to six, w er(‘ cut from (‘ach seed, 
tin* a.rea- of (‘acli region btdng 3.5()7 mm.^ The location of these' six 
n'gions is sliown in figure' 1 . Each individual puiu'h sample from 
e'ach see'el w^as place'd in a folele'd, labeh'd jiape'r, anel all the' punch 
sample's feir the see'el wM're' put into a paper bag marked wfitli the 
varie'ty and jilant nurnbe'r. 

Since the unit fibe'r weight, the fibe'r length, and the fibe'r stre'ngth 
ai’e' alfe'cte'e! by vai’ia.tions in te'inperature and the' moisture' content 
of the air, ine'asure'inent of these' fiber properties was made in a hibora- 
tory where' a constant te'inpe'rature of 70'^ F. anel a re'hxtive' humidity 
e)f (iT) pe'rcent we're' maintaine'd. 

Tho see'el coat anel fuzz hairs W'e're re'move'el freim e'aedi punch sample* 
by use* of a fine stee'l comb anel the finge'rs. The re'inaining tuft of 
libers in the punch sam|fie was the'u weiglu'el on an assay balance' to 
the nearest one-liundre'elth of a milligram. Feir re'giem 1, eine-tenth 
e)f the total we'ight of the jiunch sample* w^as used for counting the> 
fibe'r population and eletermining the fiber le'ugth, unit weight, stre'ngth, 
eliarne'ter, and pe'rce'iitage of thin-walleel fibe'rs; feir the othe'r re'gions 
one'-fourth of the* w^e'iglit of the punch sample* was use'el for obtaining 
the* fibe'r elata just me'ntione'el. 

Tlie fibe'rs we'ie counte'el on a black velve't pael by using a j)air of 
fine tweoze'rs. Since* tlie fibews woro counte'el in only a fraction e)f tJie 
punc'h samiile, the total ])opulation for re'gion 1 w^as obtaine'd by 
multiplying the* fractional po]>ulation by 10, a.nel the total po])ulation 
of the* other re'gions w^as obtaine'd by multiplying the* fractional 
population by 4. 

The average h'ngth of the fibe'rs on each of the* six re'gions was 
obtainexl by me'asuring the individual h'ngths of 20 fibews take'ii at 
random from a fractional part of a punch samf)le>, summing the 


® Soe footnote 2. 
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individual lori^ths, and dividing by the numlx'i* of lib(‘rs. Each fiber 
was straighteTK'd out on a black velv(‘t pad and tli(*n m('asur(Hl to the 
uea.r(‘St sixt(M'Mth of an incli by iiKuins of a small riih*. 

Tilt* fib(*r weight per inch of each of the six re<:;:ions was detormin(*d 
as follows; The total uumber of fibers in each rep*ion was multiplied 
by tin* av(‘rai?(‘ fib(*r l(*TU4th of the rt'^ion, ^ivinji: the total number of 



r'ldiTHE 1. -Cottoiis u'd showing iht* location on the stMul coat of tli(‘ regions 
selected for studying the distribiitio!! and relation of the six fiber characters. 
Kacli circle witli a dotted line represents a regioJi, or ])unch area, ainoiinting to 
3.507 nini.“ A plane drawn through the long axis of the seed in such a way as 
to divide the raphe and regions 1, 3, 5, and 0 into two equal parts would (rut 
the seed into halvt's. The apj)ro\iniate venation of the seed coat is shown. 
The fuzz hairs (very short fiber) and the lint hairs (long hairs or coniniercial 
filarrs) are not shown. 

iiH*h(*s of fiber in tlnit rt'cjiou; tin* totul numlx*!* of inch(*s was tht'ii 
divided into tiu* total fib(‘r w(*ight of the region to obtain tin* av(‘ntge 
fiber W(*iglit per inch. 

The breitking load, or strength,*’ of single fibers was uKrasured upon 
a t<*sting machine of tin* balance type. A thin strip of rubber was 
put on each m(*tal jaw of tin* testing macliinc* in ordov to previ*nt tin* 
fib(*r froin slijiping and also to avoid crushing tin* fiber by the jaw^s. 
Twenty fibers were tak(*u at random from each region and broken 
ip(Mvidna.Ily. Tin* biu'aking load w^as added to the testing beam at 

" Fiber sMe.ij?th and fiber breaking loud mean the same thing in this renort; the latter fermlnolopv is 
prf;l)ably the better. 
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tlu' rate of oiK'-ti'iith of a pjrarn per second. Thi' breaking load per 
filx'r was recoi*d('d to tli(> nearest on(‘~lnindr(‘dtli of a gram. Tlinu*- 
eighths of an inch at tin* midportion of the filx^r h'ligtli was ('.\pos(‘d 
to tli(' bn'aking load. Tlx' average* br(‘aking load p(*r fiber for (‘ach 
region of (‘ach vari(*ty was obtaiiunl by summing tliat of 20 single* 
fibe‘rs and then divieling the te)tal by 20. 

Tin* diame*te*r of filx'i-s exi each re‘gion was elete‘rmiueel from me*r- 
ce*rize*d sample's. A small bundle* of fibers freun e'ach re'gion of the* 10 
see*e]s of e*ach variety was me‘rce*rize*el thoroiigldy in an 18-perce*nt 
seilution eif soeliurn hydreixiele* anel the*n washe*el in wate*r aixl air-dri(*el. 
The* fibe*rs W(*re* tlien place*el parallt‘1 te) e)ne* another em a glass sliele* 
anel mounte'd in liquid paraffin under a cove*r slip. By the* use* of 
a microprojector apparatus tlie* wielth e)f e*a,e*h filx*r was me*asur(‘d at 
the* miel portion of its length. Twe*nty fibers from each re*gioji on tin* 
see'el coat we*re* measui*e'el, anel the* ave're.ge* eiia.mete‘r of this mimlx*!' 
was then e*alculate*el. 

Tile 20 fibe*rs wliicii liad })e*e*n me)unte*e] feir eliameter me*asure*me*nts 
we*re* obse‘rve*el une]e*r the* jieilarizing micreiseope* in orele*r to e*stimate* 
the* [)e*re*e‘ntage* eif thin-walle*el fibe*rs. The* pe*rce*ntage‘ of thin-walle*el 
libe'i's was e)btaiiu*el by obse*rving the* kinel anel inte*nsity of coleirs anel 
the* rnorphologie-al appe*a,rane*(* eif e*a,ch fibe*r. 

EXPERIMENTAL RESULTS 

VAHIANe'E OF FIBER CHARAe^TERS WITHIN VARIETIES 

The* elistriliutiem eif the* fibe*r peipulation in tlx* Me*xie*an 12(S varie*ty 
is given by iilants arx) ivirions in table* 2. Since* e*ach ple.nt is re*pre*- 
se*nt<*el by only oix* se*e*d, allenvane*e must be* made* fe>r the* preibabilitv 
that the* ela.ta, freim oix* se*e'el are neit ix*ce*ssarily re*])re*se*ntativ(* for the* 
wheile* plant. In table* 2 plants, eir s<*e*e!s, are ele‘signate*d by the* 
le*tte*rs A, B, etc., wlx'ivas tlx* re'gions on the se*e*el coat are num- 
l)e‘i‘e*el 1, 2, 8, 4, 5, and 0. Fihe*r peipulation pe*r square* nnllime*te*r of 
any mean in table 2 anel all eitlx*!* table's for fib(*r jiopulation can be* 
'>btaine*d by elivieling the* me*an by 3.507 (tlx* ar(*a e)f e*ach re*gion). 
Plant me*an as use*el in this pape*r is the average* of tlx* six re*gie)ns 
on the* see'el. 


1\\RLE 2. ' The analysis of variance of the fiber population by plants and regions 
on the. seed coat in the Mexican /2<S’ variety of cotton 

OBSERVED VALVES 


Blunt 


A 

H 

e’ 

1) 

E 

K 

(J 

B. . 

Region tolal 
Region means 


Fiber population for regioi: 


I 

2 

3 


1 Nvinlur 

Nuvibt'T 

Number 

Number 

! 2, 31 ei 

432 

,'>ew) 

181 

; 2, 07t> 

240 

49e5 

148 

i 1,480 

2e’i0 

24e) 

272 

492 

2e:8 

440 

8(8 

I, 390 

488 

2e;8 

296 

i.i'eio 

2C8 

392 

180 

j 1,720 

300 ! 

484 

21(5 

980 

272 i 

i 1.312 

172 

1 1 . no 

leio ; 

296 

464 

i 1, 120 1 

392 ! 

336 

124 


2. 900 

4, 764 

2, 861 

1, 457 

29e» 

476 

286 


eiant riaiit 
totals means 


i ^ 

6 ; 



1 Number 

Number j 

Number , 

Nil luber 

112 

404 1 

4.239 ' 

707 

t 336 

208 

3,498 ■ 

583 

3(57 

492 ’ 

2,991 , 

499 

2f.6 

464 

2. 728 

455 

276 

348 

3, 066 

511 

312 

328 i 

3. 320 

553 

i 352 

1 312 ; 

3, 384 

564 • 

1 424 

1 124 i 

3. 284 

547 

] 236 

1 248 1 

2, 511 

419 

j 356 

244 1 

2,572 

429 

3, 267 

3, 172 

31,.yi6».i 


327 

317 




1 

• 
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Table 2. — The analysis of variance of the fiber population by plants and regions 
on the seed coat in the Mexican 128 variety of cotton — Continued 


ANALYSIS OF V ARIA NCR 


Variation due to— 

Degrees 
of free- 
dom 

Mean 

.square 

Found ' 

F 

Hequired 

.5 percent 1 jiercent 
point point 

Plant.s 

Regions 

Error 

9 

5 

4.5 

43,643 
2, 126, 722 
86.260 

0. ,51 
24. 6.5 

! 

2.71 

2. 42 

4.31 <19:1 

3.4.5 >99:1 

■ 

Total . 

.59 

Standard deviation of the experiment— 294 


/ TEST 


Item 

Standard 

Standard 
error of the 
difference 

Least difference neces- 
sary for odds of 

error, any 
mean 

between 
any 2 
means 

19:1 

99:1 

Plants - 

Regions . 

120 

93 

170 

132 

i 

342 

266 

457 

3.55 


1 43,643/86,200* O.m, and 2,126,722/80,260* 24.6.5. 


Analysis of variance^ for the data is also given in table 2.® It is 
realizcMl that the groups of data in this table and also in other tables 
of this paper relative to fiber population and pc^rcentage of thin- 
wallcd fibers, resp(‘Ctively, may not necessarily fit the homogeneous 
requirements for the application of variance analysis. Howev('r, the 
individual standard errors for columns or items w(‘re calculated and 
tests made for significance. These tests indicated that interpretation 
of the results through the use of analysis of variance was satisfactory. 
The groups of data used for obtaining the values for the analysis of 
variance in the tables relative to the percentage of thin-walled fibers 
are analogous to weighted data. The word ^^percentage’' is used in 
order to avoid the term ‘‘immaturity.” The results indicatii no 
significant differences between mean populations of plants, since the 
found is only 0.51 and the F value required for odds of 19:1 amounts 
to 2.71. Odds of greater than 19:1 indicate that differences are 
significant, and odds greater than 99:1 indicate that differences are 
highly significant. Between the mean populations of the regions 
the odds are greater than 99:1, indicating high significance, the re- 
quired F value for odds of 99:1 being 3.45, while the mean square of 
regions divided by the mean square of the remainder amounts to 
24.65, indicating that without doubt the odds are greater than 99:1. 

On further analysis, the standard error of any region mean is found 
to be 93, while the standard error of the difference between any two 

f Fisher, R. A. statistical methods for research workers. Ed. 5, rev. and enl., 319 pp., Ulus. 
Edinburah and London. 1934. 

* The Fand t values for this and all other tables in this paper were obtained from Snedecor, Georgs W. 
calculation and interpretation op analysis of variance and covariance. 96 pp. Ames, Iowa. 
(Iowa Stat« Col., Div. Indus. Sci. Monog. 1.) 1934. See pp. 88-91 . 
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region means is recorded as 132.® Then from t values and the indi- 
cated calculations, least differences amounting to 266 fibers for odds 
of 19:1 and to 355 fibers for odds of 99:1 are found. The mean of 
region 1 minus the mean of n^gion 3 equals 1,457 minus 476, or 981 
fibers. Since 981 is greater than 355, it appears that region 1 cer- 
tainly has a dtMiser population than region 3 and therefore a denser 
population than that of any other region. All possible comparisons 
of regions 2 to 6, inclusive, indicate no significant difference between 
the means of any pair of thc^se regions. 

Since the odds of less than 19:1 in table 2 do not indicate significant 
ditferenci'S between plant means, no comparisons for least differences 
between plants are given. 

The fiber length of the Mexican 128 variety is shown by plants and 
regions in table 3. The plants, or seeds, and the regions are the same 
as those in table 2, the: only difference being that fiber length instead 
of population is analyzed. The values for the analysis of variance 
relative to fiber length give odds of more than 99:1 for plant diffenmees 
and odds less than 19:1 for region differences. As previously described 
for table 2, least differences can be used to compare any pair of plants 
or any pair of regions redative to differences b(‘tween ine^ans. 


1’able 3. — analysis of variance of the fiber length by plants and regions on the 

seed coat in the Mexican 128 variety of cotton 


OBS KR VEl) values 


Plant 


Average fiber length for region No. — 


TMant 

Plant 

1 

2 

3 

4 

5 


totals 

mean.s 

A 

Inches 

1.07 

Inches 

0.99 

Inches 

0.98 

Inches 

0.95 

Inches 

1.09 

Inches 

1.05 

Inches 

6. 13 

Inches 

1. 022 

B 

1.08 

1. 14 

1. 07 

.91 

.94 

1.08 

6.22 

1.037 

C 

1. 15 

1. 18 

1. 16 

1.2t) 

1.23 

1.20 

7. 18 

1. 197 

T)... 

1,00 

1.11 

1.07 

.79 

l.(K) 

.W) 

5.93 

.988 

E 

1.01 

1. 16 

l.(M) 

1.24 

1.07 

.96 

6. 44 

1.073 

h\ . 

1.20 

1.05 

1. 05 

1. 16 

1. 14 

1.05 

6. 65 

1. 108 

G.. 

1. 12 

1.19 

1.18 

1. 12 

1.15 

1. 13 

6. 89 

1. 148 

II . 

1.26 

1.24 

1.30 

1.25 

1. 11 

1.21 

7.37 

1. 228 

I . 

i.;i8 

1.11 

1.30 

].;12 

1.28 

1.21 

7. 60 

1. 267 

J- 

1. 16 

1.07 

1. 05 

.98 

1.04 

1.07 

6. 37 

1.062 

Region total- 

11.43 

11.24 

11.16 

10.98 

11.05 

10. 92 

66. 78 

.... 

Region means 

1. 143 

1. 124 

1.116 

1.098 

1. 105 

1.092 

— 

I,, 


ANALYSIS OF VARIANCE 


Variation due to— 

Degrees 

of 

freedom 

Mean 

square 

F 

Odds 

Found 

Required 

5 percjtmt 
point 

1 perexmt 
T>oint 

Plants. 

9 i 

0. 05274 

8.56 

2. 15 

2.94 

>9{1:1 

Regions 

5 

.00352 

.67 

4. 36 

9.02 

<19:1 

Error 

45 

.00616 












Total 

59 

Standard deviation of experiment *0.0786 


* Standard error of any region mean«294/VlO»93, Standard error of the difference between any two 
region means 93 V ^*132. The value of t, corresponding to 45 degrees of freedom, the number on which the 
error is based, is 2.014 at the 5 percent point, and 2.690 at the I i)eroent point; then for between region raean.s, 
least difference at 6 percent point for odds of 19:l*2.014X132s»266, and at 1 i)ercent iwint- 2.690X132 * 355 
for odds of 99:1. 
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Tablk 3. — J'hf' analysis of variance of the fiber length by plants and regions on the 
seed coat in the Mexican 12S variety of cotton — Cont inued 

t TES1' 


niuiits 

Rcjilons 


Tli(‘ fiber w(‘i^hl p(T inch of the Mexican 128 vari(‘ty is ^iven by 
plants and regions in table 4. The plants, or S(mh1s, and tlH‘ n^pons 
are identical with those* in table 2. The values for IIk* analysis of 
variance* i?i this table* stie)w that the* odds for eliftcrences in fibe*r 
we*i^ht are* more* than 19:1 be*twe*en plants anel ^re'ate*r than 99:1 
betwe*en re\<j:ions. 

The* fibe*r stre*np:th of the* Me*xican 128 varie‘ty is ])re*se'nted in tteble* 5 
wlu*re*in the valuers fe)r the* analysis of variance inelicate* real difference*s 
in tlie* ave*ra|re fibe*r breaking load betwe*en plants and also be*t\ve*e'n 
ro^?ions. 


I fell' 


I Standard Least dilTorcnce lU'ces- 


Standard 
error, 
any mean 


! error of the 
d IfTerence 
between 
any 2 
nuans 


0. 0321) 
. 0248 


0.0453 j 
.0351 1 


sary for odds of - 


0. 0012 
. 0707 


0. 1210 
. 0044 


Table 4.- The analysis of varmnee of the fiber weight per inch by plants and rcgi(m,s 
on the seed coat in the Mexican 12H variety of cotton 

obsf:hvei) values 


Av(Ta}je (Ukt weijilit for rejiion No. 


riani 







riant 

Plant 








totals 

means 


J 

2 

3 

4 

5 

(i 




O/JOOl 

0,0001 

O.OOOl 

o.oont 

0.0001 

o.ooot 

0,0001 

o.ooot 


//<(/. 

tny. 

vig. 

mg. 

mg. 

mg. 

mg. 

mg. 

A. .. . - 

34 

44 

40 

04 

49 

5.5 

292 

40 

B 

25 

,55 

40 

.58 

.54 

54 

280 

48 

C 

33 

51 

38 

41 

40 

44 

2.53 

12 

1) 

51 

07 

45 

(JO 

05 

00 

348 

.58 

E 

41 

43 

03 1 

.52 i 

05 

01 

; 325 

1 54 

F ... 

31 1 

02 i 

40 

47 1 

40 

51 

i 280 

48 

<} i 

32 


41 

55 

43 

52 

1 250 

1 43 

11 

48 

.50 

30 

,54 

50 

57 

3t)7 

51 

1 ... 1 

34 

75 1 

30 

43 

55 

57 

303 

51 

J.. - . 

34 1 

.50 i 

,50 i 

i 71 1 

54 

00 

325 

54 

Region total 

303 

j 542 i 

450 1 

1 545 i 

1 530 

557 

2. 087 


Region ni(‘a ns. 

30 

M 

45 

5.5 

53 ; 

.50 




ANALYSIS OF VARIANCE 


- ■ 

— 









1 

L. . ....... 

F 



Variation due to— 

Degree.s 

of 

Mean 

1 1 

R(‘fliiired 

i Odd*s 


freedom 

sunare 

F'oumi 

r- 

- 






5 nercfent 

1 pereerit 


i 

1 

i 


point 

point 


Plant.s . . 

I 0 

14.5. 67 

2. 4(1 

2. 15 

2.04 

>19: 1 

Regions . . .... . 

I 

.583. 00 

9. 87 

! i?-42 

3. 45 

>90; I 

Error 

i 45 

59. 13 





Total 1 

.59 

I 1 

Standard deviation of the exiM^riineut* 

7.69 
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Table 4. The analysis of variance of thejiher ireight per inch by planU and regions 
on the seed coat in the Mexican variety of cotton — Continued 

t TEST 


U«'m 


! SUiiKiard 
j ornir, 

I any ni<*aii 


j Standard 
! error of the 
j difTeri'iici' 

{ hot woe ti 
' any 2 
I moans 


Least. difToronco nooi'S- 
sary for od(is of - 


j 

19:1 ' 99:1 


I’lants 

Kopiims 


3.14 1 4.44; S. 94 11.94 

2.43 j 3.44 I r..W3 U,2r> 


Table h. 'Phc analysis of variance of the fiber breaking load by plants and regions 
on the seed coat in the Mexican 1 JiS variety of cotton 

OBSERVED VARI ES 


■VviTatro fiher hroakinp load for rejiion Xo. - 


iManl 

' 1 ■ 1 

2 i 

3 

4 



5 

f) 

; fntals 

niraris 


! (fTium 

drums 

(rfums i 

drums 

drums \ 

({rums 

drums 1 

dru ms 

A 

i i 

4.7/) j 

.5. 15 1 

! 0.03 1 

7. 45 ! 

0. 95 

3.5.38 1 

5. 90 

B 

.1 3. ‘^r^ 

‘i. 70 1 

4.05 1 

1 5. 30 ' 

0. 08 ; 

0. 08 

.32.70 j 

5. 40 

( ' 

3. 43 

r).73 j 

I 4.48 1 

1 0.13 

73 i 

5. 80 

32. (M) ! 

5. 43 

1) 

3.HH 

1 <). 93 

! 4.95 

4. .53 

7. .35 i 

.5. 13 

32. 77 

5. 40 

E 

4. 23 

! 4.SS 

1 .5.48 

j 7.05 

0..H() 1 

7. t)0 

i .30. til 

0. 1 1 

F 

2. 7S 

(). 23 

! 1.40 

' 1. 40 

.5. 20 : 

4. .35 

i 27. 30 

4. .50 

O . 

3. 3S 

4. 08 

.3.78 

' <). 18 

i 4.f)8 , 

0. 98 

1 29. .38 

4.90 

H 

: 

t). 0.5 

; .5.85 

0. .50 

; 5. 70 i 

7. 10 

! 37. 35 

0. 2.3 

I 

i 3. fiS 

4. 1.5 

3.1H> 

! 5.73 

; 5. 15 : 

5. 03 

28, 14 : 

4. 09 

.1 

4. ir» 

1 .5. 23 

! 4. 98 

7. 13 

i 5. 08 i 

.5. 70 

32. 87 

.5. 48 

HeKion total . . . 

3S. 78 

.5.5. .33 

47.02 i 

i 0.0. 78 

i *01.42 : 

til. 32 

325. 25 


Region iiu'ans .. 

3, HH 

1 5.53 

4.70 i 

i 0. 08 

0. 14 

ti. 13 




AXAIA'SIS OF VAR1A.\('I 

h: 





/ 


Variation due to 


1 letirers 
; of 

■Mean 


Rc(iuired j 

Odds 


, fnM>doin 

i 


Found 

5 j)(*reent 

I perej'iit | 





! 


l*oint 

point 


Plants 


. i 9 j 

1.9333 ! 

2.88 ! 

2. 15 

2.94 

:>19:1 

Rejiion.s , 


. ' 5 

8.5093 1 

12. 77 i 

2. 12 

3.45 

; >99: 1 

Error 


. ; 45 : 

.0711 j 



... 


'total 



! 59 ; 

Standard deviation of ('xjierimenl -0.819 


t TEST 


Standani j Least ditferenee neees- 




It<'ni 


[ Standard 

error of 1 he 
difTi‘reii(*e 

' sary for odds of 




; iTFOr, 

between 







: any mean 

any 2 
means 


99:1 

Plants 




0.,3.34 

0.472 

i (). Wl 1 

1.270 

KeRions 




...i .259 

.300 

.-a: i 

. 985 
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The variance analysis for the percentage of thin-walled fibers in 
Mexican 128, given in table 6, indicates highly significant differences 
between regions and no differences between plants. 

Table 6 . — The analynis of variance of the percentage of thin-walled jiherB by plants 
and regions on the seed coat of the Mexican 128 variety of cotton 


OBSERVED VALUES 


riant 

Thin-walled fibers for region No. — 

Plant 

totals 

Plant 

means 

1 

2 

3 

4 

5 

6 


Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

A 

18 

5 

20 

5 

10 

17 

75 

13 

B -- 

.*)<) 

a 

20 

0 

0 

5 

80 

13 

C - 


5 

20 

0 

5 

0 

63 

11 

D - 

20 

10 

9 

47 

5 

5 

90 

10 

E -- 

4/) 

14 

0 

10 

5 

5 

85 

14 

F 

42 

I.*) 

27 

0 

5 

0 

89 

15 

a _ 

M 

42 

35 

5 

14 

0 

151 

25 

H 

32 

10 

60 

0 

1 5 

10 

123 

21 

1 ... - 

.33 

10 

24 

5 

0 

5 

77 

13 

J - 

35 

29 

20 

0 

15 

5 

104 

17 

Rof^inii Intnl 

30.3 

i 151 

235 

78 

04 

52 

j 943 


Region means- . 

30 

IS 

24 

8 

0 

5 




ANALYSIS OF VARIANCE 


1 

Variation due to— 

Degrees 

of 

freedom 

1 

Mean . 
square 

F 

Odd.s 

<19:1 

>99:1 

Found 

Required 

5 percent 
point 

1 percent 
point 

Plants-.. - . 

Regions - 

Error . . . . . _ . _ 

9 

5 

! 45 

113.00 

1. 489. 40 
138.84 

0.81 
10. 73 

2.71 

2. 42 

4.31 

3. 45 

Total- . 




i 

59 

Standard deviation of the exix?rimeut==11.8 



t TEST 


Item 

Standard 

error, 

any mean , 

Standard 
error of the 
difference 
btdwe^n 
any 2 
means 

Least difference neces- 
sary for odds of— 

19:1 

99:1 

Plants 

4.816 

3.732 

6 . 811 
6.278 

13.72 

10.63 

18. 32 
14.20 

Regions 



The analysis of variance of the fiber diameter by plants and regions 
in Mexican 128 is given in table 7. The values show that there are 
highly significant differences between plants and also between regions. 



Mar. 1, 1941 


Fibers on Cottonseed of American Upland Cotton 


265 


Table 7. — The analysis of variance of the fiber diameter by plants and regions on 
the seed coat of the Mexican t28 variety of cotton 

OBSERVED VALUES 


Plant 

Avt‘rage diameter for region No. — j 

Plant 

totals 

Plant 

means 

1 

2 

3 

4 

5 

6 


Microns 

Microns 

Microns 

Microns 

Microns 

Microns 

Microns 

Microns 

A-_ 

16. 49 

17.80 

17. 54 

16. 75 

17. 54 

17.54 

103. 7 

17. 28 

B 

If). 4fl 

I.*). 96 

If). 71 

14. 13 

14. 40 

14.40 

90.1 

15.02 

C 

16. 2;i 

16. 96 

16. 49 

14. 92 

14.66 

14. 92 

9 : 1.2 

15.53 

D 

18. 33 

17.28 

16. 49 

16. 49 

17.28 

17.80 

103. 7 

17. 28 

E. .. ...J 

16. 49 

18.3:1 

17.54 

17. 02 

17. 28 

18. 06 

104. 7 

17. 45 

F.. .. .. ... - 

16. 49 

17.54 

17.05 

15. 71 

15. 45 

14.66 

96.9 

16. 15 

G 

If). 96 

If). 71 

16. 23 

16. 49 

15. 18 

16. 49 

96.1 

16. 02 

IT . 

16. 76 

16.23 

14.66 

15. 96 

1,3. ;i5 

16. 75 

93. 7 

15.62 

1. . 

14.40 

J8.:i3 

17. 02 

14. 66 

15.71 

17.02 

97. 1 

16. 18 

J. - 

16. 49 

17.02 

16. 75 

17.54 

If). 71 

16. 49 

KM). 0 

16. 67 

Region total 

163. 1 

170.2 

1 65. 5 

159.7 

156.6 

164. 1 

979.2 


Region moans _ . . 

16.31 

17.02 

16. 55 

15.97 

15. 66 

16. 41 


- - 


ANALYSIS OF VARIANCE 


1 



F 


Variation due to 

Degrees 

of 

freedom 

Mean 

square 


Required 

Odds 


Found 

5 perwnt 
point 

1 percent 
point 


Plants. . . 

Reirions. 

Error . 

9 

45 

4. 14 

2. 22 
.582 

7. 11 
:i.8l 

2. 15 
2.42 

2.94 

:i.45 

>99:1 
>99: 1 

Total - . - - . 

59 1 

1 

Stamlard dc^viation of the experiment =0.762 


t TEST 


Plants 

Regions 



Standard 
error, 
any mean 

Standard 
error of the 
dillerence 
b(‘tween 
any 2 
means 

Least dilTerenco neces- 
sary for odds of— 

1»:. 

99:1 


0.3110 
. 2410 

0. 4:i98 
. 3408 

0.89 

.69 

1.18 

.92 


The data for the Mexican 128 varietj have been presented in 
detailed form in tables 2, 3, 4, 5, 6, and 7 in order to give an example 
of the procedure used in recording the measurements of fiber popida- 
tion, length, weight, breaking load, percentage of thin-walled fibers, 
and diameter. For other varieties and for totals of all varieties, 
only the means and the values for the analysis of variance are given. 

The values for the analysis of variance in the fiber population of 
the Coker-Clev eland 884-4 variety are given in table 8, wherein odds 
of less than 19:1 indicate no significant differences between plant 
means whereas odds greater than 99:1 show that differences between 
region means are highly significant. 
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8 . — The anaiifHia of variance of the fiber population by plants and regions on 
the seed coat in the Coker -Cleveland 88^r~-^i variety of cotton 

KECHON MEANS 


K(‘ftion No 




2 i 


4 

ry j 

0 

Mean numl»*r of fibers 



1 2.044 

437 ! 


273 

334 ! 

241 



I'LANT 

. 

MEANS 






■ ■ ■ ■ i 

JMant syjnl><»l 

1 

Hit’ 

1 ! 

I) 1 K 1 

- _ . i 

I 

0 I 

"I 

I ' 

.1 

Mean number (jf fibers 

783 

(•49 j (>»r) 

871 1 380 1 

092 i 

.Wl j 

r)99 j 

008 1 

.')03 


A \ A S I S O F V A H I A \ ( ' K 


Variation due to 

Degrees 

of 

Mean 


Ke(j Hired 

t)<lds 


fre(*dom 

sfiuart' 

Found 

.0 percent 

1 {>ercent 






point 

|)oitil 


riants 1 

9 

108, 0.04 

1.30 i 

2. 1.0 

2. 94 

'19:1 

H(*uions 1 

5 i 

4. 8:40. 7.08 

.07.9.0 

2. 42 

3. 4.0 

>99:1 

Error . j 

40 i 

83.:4(i0 1 





'PtOal . I 

09 j 

Stainlard deviation of tin* ex|)erimenf = 

289 


/ TES'r 


I’luni s . 
Koi-nori.s 


Standard 
error, 
any rriea?! 


118 

91 


Sinndard 
error of tlie 
dilTerenee 
het ween 
any 2 
means 


U)7 

129 


Leas! diffenmee neces- 
sary for odds of- 


m 

' 2(10 


449 
' :i47 


1 I’rohably nol valid for <'ertain (Hunparisons. L'-asl dilTenmces calculated from individual standard 
errors of rejiions an- as follows for these comparisons; 


Kefjions compared 


Jvcast ditT('n-ric(' for 
odds of 

19:1 i 99:1 


2 and 4. 

2 and (i . 
H and 4 

3 and T) 
3 iin<l 0 
a and H 


121 1 

I 100 

100 

14.0 

143 1 

190 

14.0 1 

198 

132 

180 

81 1 

111 


The values for tlic fiber length in the Coker-Clevelnnd 884-4 
variety are giv(>n in tabh- 9, wherein odds greater than 19:1 indicate 
significant differences between plant means as well as region means. 
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Table 9. — 7Vk< analifKiii of variance of the fiber length bg plants and regions on the 
seed coat of Ike Coker-Cleveland 884-4 variety of cotton 



IiE(nf)N MEANS 





Hotiion No 

i 

1 . 

; ' 

:i ; 4 5 


M<'an flbor lonnUi (inoho.si 

: 1.112 

1. MS 1 

1. 119 ! l. 127 1.07:1 

1 1 , 0:14 


CJ.ANP MEANS 





! 

I’lanl symbol 

A I H i (' 1 .1) 1 E 

1 ‘ 

(1 i 11 1 I 

1 ^ 

Moan flbor longth (inolu's) 

1.02:1 i 1. no ! 1. 1:17 1 1. IS.') i.ou.''* 

i 1.047 

!. 14:1 ' 1. 142 1 1. i\r> 

! 1.02.5 

1 


ANALYSIS OE VAHIANf" 

' ; i 

E 

/•’ 

! 


Variatioji dur to 

' ! 1 

1 : M,.an j 


Ko(|iiiro(l 

odds 


froolb.m ; j 

Konnd 


.... 





5 porcont 

1 poroonl ! 





point 

point 


Clan IS 

I 9 i 0.0179 : 

j 

2. .>} ' 

2. 15 

2.94 

..19:1 

Hopions 

i fi ' .0172 

2. 40 

2.42 

:i. 4.5 

>19:1 

Error 

\r> i .0070 

, 





'I'oi.al i o9 i Standanl <ii'\ iation of the ox|)eriTiKint-0.t)Si4() 


/ 'I’KST 


Item 


i S(an(lur<I ; 

I i'rn»r, 
j any moan j 


Siarnlanl ; 
t'rror of I lU‘ 
difToroiici* I 
l)t‘Uv(>('ii i 
any 2 ' 

moans 


L(>asl (lilToronoo nooos- 
sary for o lds of 

19:1 I 99:1 


riant s 
Konions 


; o.n4Hr> , o.09S 

I .07r> 


0. r.itio 

. inn 


Tilt' variauci' in tlir fiber woi^bl of tlu‘ 884 4 

vari(*ty is shown in 10, wluT(‘in odds of gn'iiU'r than 09:1 in- 

dicate tliat betwiMMi plants and also between regions tin* dilferencf'S 
are hij^hly significant. 


Table 10. — The analysis of variance of the fiber weight per inch by plant h and 
regions on the seed coat of the Coker-Cleveland 884 '4 variety of cotton 

RKOION MEANS 


Kopion No . 




i 

-- I ' 


:5 I 

4 

i 

.5 1 0 

Moan filx'r wndpht (0.0001 nip. 

). . . . 


1 :io 

4S 

41 i 

53 

52 ; 59 



]>LANT 

M EA NS 





Plant symbol | 

A 

H 1 e 

I) ; E 

E i 

(} 

n 

11.) 

Moan flbor woight (0.0001 
mp.) - - - ! 

.12 

i 

40 i 44 

! : 1 

; as ■ 50 

1 

15 

41 : 

47 

1 1 ' ' 

57 1 52 
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Table 10. — The analysis of variance of the fiber weight per inch by plants and 
regions on the seed coat of the Coker- Cleveland 884~4 variety of cotton — Continued 


V'arifttion duo to ~ 


Plants 

R(‘!o:ioTis 

Error 


'rotiil 


ANALYSIS OF VARIANCE 




F 


DeKrecs 

of 

freedom 

Moan 

square 


Roquirod 

Odds 

Found 

.5 percent, 
point 

1 percent 
point 


9 

.5 

4.5 

2()4. 67 

J. 046. 20 
38. 31 

6. 91 
27.31 

2. 1.5 
2.42 

2.94 
3. 45 

>99:1 

>99:1 






.59 

Standard deviation of the o.xperimont= 

6.19 


t TES'I’ 


Itoiii 


IMant .s ... 
Rogioris 


Standard 
(irror, 
any moan 


2. .53 
1.66 


Standard 

Tvoast ditTen'nce iieces- 

error of the 

sary for (»dd.s of— 

difToronoo 



botwoon 


I 

any 2 

19:1 

99:1 

moans 

3. .58 

7.21 

9. 63 

1 

5. .58 1 

1 1 

7. 45 


The variance analysis for the fibta* breaking load of the Coker- 
Cleveland 884 4 variety is presented in table 11, in which the odds 
are I(‘ss than 19:1 between plants and more tJiaii 99:1 between regions. 


Table IX.- The analysis of variance of the fiber breaking load by plants and regions 
on the seed coat in the Coker-Cleveland 88/i~Ji variety of cotton 


REOION MEANS 


Region No .. . 

i 

1 ' 

- 

1 

1 4 

5 

6 

Mean bre.aking load (grani'i) , j 


4.47 

3. 8(5 

.5.72 

5.21 

T). 


PLANT MEANS 


Plant .symbol 

A 

B 

1 ^ 

T) 

E 

1 F 

1 

i.i 

11 

I 

J 

Mean breaking load (gnims) . 

4.69 

4. .37 

4.61 

4. .59 

4.91 

' . 

4.09 

4. 12 

4.36 

5. 13 

4. .55 


ANALYSIS OF VARIANCE 


Variation due to— 

Degrees 

of 

fre<*dom 

Moan 

stiuaro 

Found 

F 

Required 

Odds 

5 percent 
point 

1 poroont 
point 

Plants 

1 ft'" 

! ’ — ■ - 

1 0. 6357 

1 , 

1..57 1 

2. 15 

2. 91 

<19:1 

Regions 

.5 

11.3737 

28. 15 

2. 42 

3. 45 

>99; 1 

Error. . 

i 45 

. 4040 

1 




Total - 

.59 

Standard deviation of the experiment *0.636 
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Table 11. — The analysis of variance of the fiber breaking load by plants and regions 
on the seed coat in the Coker-Cleveland 884-4 variety of cotton — Continued 

t TEST 


j 

j Starularcl 

Up in i error, 

1 any mean 

1 

Standard 
error of tlu* 
difTereiK‘e 

Least dilTerenee nee(‘.s- 
sary for odds of— 

between 
any 2 
means 

19:1 

99:1 

Plants _ - 1 i>.2nw> ! 

Kegions - j .2011 

0.3071 

.2S44 

0.740 

..'i73 

0. OSS 
.70.'i 


Tho (lata for tlio analysis of variance- of tlu' pi^rcciitaf^i' of tliin- 
wall(Kl fibe'i’s in tlio Cok(*r-Clcv(‘lan(l 884 4 varic^ty sliown in table' 12 
indicates that tli('ro arc; highly significant diffi're'.nce'S bctwe'e'ii plant 
moans and also bi'twc'cn re'gion moans. 


Table 12. 77i(; analysis of variance of the percentage of thin-ivalled fibers by plants 

and regions on the seed coal of the Coker-Cleveland 884 -4 variety of cotton 

UEOION MEANS 


Region No . . 



• 

2 

3 


A 

Mean pereentage of thin-walled (Ifievs .. 



11 


11 

rj 


PLANT MEANS 





Plant .symbol. . . 

A ! R 

i .’L 

K 

F 

a 

n 

... ^ 

Mean |)ereenlMge of thin- 
wn lied libers 

19 I 27 

i 

'1 " 

lA 

12 

21 

23 

i 

12 j 

- 

' - ■ 






— 



ANALYSIS OF \ ARTAN('E 



Variation <iup to 


! 


Plants 

lipeions 

Error. 


Total 


I )(‘gn‘e.s 
of 

fn*ed«)in 

M ean 
squan* 

Found 

Reriuired i 

A p('reeiil j 1 lUTcent 
point j itoinl 

Odds 

9 

l.AS. 07 

3. 2S 

2. l.A 

2. 94 

>90:1 

a 

9S1.S0 , 

20. 2H 

2. 42 

3. 4A 

>09-1 

4r. 

4K 42 






Stniularfl Hevintion of ilip espprinipuf =0.90 


i TEST 


Plants 

Upuions. 


T ^ « vt 

standard 

! Standard 
error of tin* 
dilfereiUH.^ 

Jjt*ast ditferenee n(*ee.s- 
.sary for odds of— 

lu'in 

error, 
any mean 

bc'tween j 
any 2 i 
nii'ans | 

i 

19:1. 

90:1 


2.841 

2.201 j 

I.OIS 
3. 113 

8.00 ' 
0.27 

10. SI 
S. 37 
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Th<‘ valiH'S for varianet* in the filxT diaiiK'ter of tho Coker-Cleve- 
land 884 4 variety |)r(‘S(‘nted in table* 13 do not indicate significant 
(liffereiicc's b(*tw(*('ii j)lants or iTgions. 


’J'able i'i.- The analysis of variance of the fiber diameter by plants and regioiis on 
the seed coat of the Coker-Cleveland 884~ /f variety of cotton 

HKOION MEANS 


Reuion No 




1 

.... 

2 


4 

5 

Mean fiber diameter (microns) . 



1.5. o<; 

1.5. IS 

1 . 5 . S!) 

15. SI 

■ 

1 . 5 . os 



ei.ANT 

M KA NS 





I'hint symlM»l 

A 

_H J C- 


E 

K 

1 


! I 

Mean fU)erdi:nriel{‘r (microns) 

15. .'to 

10 . ni j 15 . 11 1 

I5.:tt 

10 . 2:1 

15. 5S 

1.5. :to 

14. s:t 

1 

10 . ti 


ANALYSIS OK VAKIANC’E 


F 


Vuriiition to 


PliUltS. 

Rct'ions 

Error 


I M«in 


Foiind 


Hcquircil 


ponvnt I I iHTci'nt 
point point 


()<lils 



<) I 

'* i 

i/i i 


i 1 

l.‘)«7 i 2.»KH i 2. t:> 

.«io 1 .sr> i 4.3»; 

. ! .. . i .... 


2. J>4 ; :itt;t 

02 : ■ ItLI 


Toinl 


Standard deviation of the experiment -O.k? 


/ TES'r 


Standunl 

(‘rror, 


I Standanl 
j error of the 
I dill'erenei* 


Least ditTeremv neces- 
sary for odds of 





; any mean 

any 2 
means 

Plants 

IRv^ions 



1 ().:t.5.5 

.27.5 

U..502 i LOl 

rm .7s 1 

1 1 


IJif) 
I (to 


Tin* analysis of variance for the fiber |)o])ulation in the Farm R(‘li(‘f 
No. 1 variety is givc'n in ta.ble 14. The odds of l(*ss than 19:1 in this 
table* indicate I'o significant differences between iilants, wliile odds 
greater tlvan 99:1 point to higldy significant d iff erenc(*s between regions. 


Tabi.e 14. 7Vte analysis of variance, of the fiber population by plants and regions on 
the seed coat of the Farm Relief No, I variety of cotton 


Rettion No. . 


K KOI ON MEANS 



1 

2 


----- 



.5 


L4u;t 

■lit! 

201 

m 

201 


Mean imntber of tlhets 
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Tablk 14. — The analynis of variance of the fiber population by plants arid regions 
on the seed coat of the Farm Relief No, 1 variety of cotton — ^Contimied 

1*LANT MEANS 


Plant symbol. 

A 

R 

C' 

1) 

E 

F 

G 

H 

I 

Moon number of fibers ... 

1 

493 

.'ISl 

j 

497 

l.'i2 

439 

.'wm 

:».'■•() 1 

470 

:.93 


Variation duo to- 


Pliinis . - 

Hojfions 

Erroi* 


Total 


ANALYSIS OF VARIANCE 




/' 


I)(‘Hrccs 

of 

lrccd<iin 

i 

Moan 

squan* 


Required 

Odds 

Found 

5 f)erc(Mit 
r)oin1 

1 ijerccnt 
I)oint 


9 

45 

13.3K9 

2,392,fW3 

15,999 

0.84 
149. 58 



2.71 

2.42 

4.31 

3. 45 

<19:1 

;>99:1 

59 

Standard deviation of the experiment- 

120 


t TEST 


Item 


Plants . 
Renioiiy ... 


' Probaldy not valid for certain corniiarisons. L 
errors of retiions are as follows for these comparisons- 


Rep ions compared 


‘t .and 4 
‘1 and 
3 and 0 




Standard 

Least difference neces- 

Standard 

(*rror of the 
difference 

sary for odds of-- 

error, 

hetw'ceu 



any mean 

any 2 i 

19:1 

99:1 


iTHams 

51 

73 

147 

190 

40 

.57 

1 115 

1 1.53 


4iast dilTerences calculated from individual standard 



Least differences for 


o<lds of — 


19:1 

99:1 


so 

109 


SO ’ 

118 


S.5 

117 


The variance of the lib('r length in the Farm Relief No. 1 variety 
is presented in table 15, whertun odds of greater than 99:1 show that 
there are highly significant differences between plants and odds greater 
than 19:1 indicate that there arc probably significant difl‘crences in 
the mean fiber length of regions. 

Table 15, - -The analysis of variance of the fiber length by plants and regions on the 
seed coat of the Farm Relief No. 1 variety of cotton 

REGION MEANS 


Region No - . . - 

1 

‘■i 

3 

4 

5 


M ean fiber length (inches) - . 

1. 130 

1.181 

1. 190 

1. 197 

1. 1.53 


;tl2154 41 2 
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Table 15 . — 'The analysis of variance of the fiber length by plants and regions an the 
seed coat of the Farm Relief No, 1 variety of co«on— Continued 

PLANT MEANS 



Item 

Standard 
error, 
any mean 

Standard 
error of the 
difference 
between 
any 2 
means 

Least difference neces- 
sary for odds of-™ 

19:1 

99:1 

Plants _ 

0. 0227 
.0170 

0.0321 

.0249 

0.0040 

.0601 

0.0863 

.0070 

Regions , .. 



The analysis of variance of the fiber weight in the Farm Relief No. 1 
variety is given in table 16. The odds of greater than 99:1 therein 
shown indicate highly significant differences between plants and also 
between regions. 

Table 16 . — The analysis of variance of the fiber weight per inch by plants and 
regions on the seed coat of the Farm Relief No. 1 variety of cotton 


REGION MEANS 


Region No 

1 

2 

3 

4 

8 

0 

Mean fiber weight (0.0001 mg.) , 

34 

62 

48 

69 

60 

67 


PLANT MEANS 


1 

Plant symbol 

A 

B 

0 

D 

E 

F 

Q 

H 

I 

J 

Mean fiber weight (O.OOOl 
mg.) 

1 

64 

40 

40 

61 

62 

66 

44 

47 

46 

53 
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Tabl£ 16. — The analysis of variance of the fiber weight per inch by plants and 
regions on the seed coat of the Farm Relief No. 1 variety of cotton — Coniinued 

ANALYSIS OF VARIANCE 


Variation due to— 


Plants, 
Regions 
Error 


'rotal 


F 


Degrees Mean 
fredon, 


9 .m33 


4 :) 


smi. 60 

41. 76 



Found 

Required 

Odds 

5 percent 
point 

1 jwreont j 
point 

8.77 

20.75 

2. 15 
2. 42 

2.94 
3. 45 

>99:1 

>99:1 

r ■' 





59 


Standard deviation of the experiment =6.46 


t TEST 


Plants 

Regions 


Item 

Standard 
error, 
any mean 

Standard 
error of the 
difference 
between 
any 2 
means 

I.«ast different neces- 
sary for odds of- - 

19:1 

99:1 


2.(v4 

2.04 

3. 73 
2.88 

7.51 

5. 80 

10. 03 
7. 75 


The data for variance of fiber breaking load in the Farm Relief No. 1 
variety presented in table 17 indicate nonsignificant diflerences be- 
tween plants and highly significant differences between regions. 


Table 17. - -The analysis of variance of the fiber breaking load by plants and regions 
on the seed coat of the Farm Relief No. 1 variety of cotton 

REGION MEANS 


Region No . 


. 



1 

2 

3 

4 

5 

6 

Moan breaking load (grams) . 


-• 


■ --- 

3. 04 

4.52 

4.20 

.5. 78 

5. 45 

5. 49 



PLANT 

MEANS 






Plant symbol 

A 

B 

C 

D 

K ; 

F 

G 

11 

I 

J 

Mean breaking load (grams) .. 

4. 35 

4.81 

I 1 

4.96 

4.25 

4.64 

4.90 

4. 74 

4.58 

5. 50 

4.73 


ANALYSIS OF VARIANCE 


Variation due to— 

Degrees 

of 

freedom 

Mean 

square 

F 

Odds 

Found 

Required 

5 percent 
point 

1 percent 
point 

Plants 

9 

0. 7260 

1.40 

2. 15 

2. 94 

<19:1 

Regions 

5 

10. 7310 

20.63 

2.42 

3. 45 

>99: 1 

Error 

45 

.5202 












Total---- 

59 

Standard deviation of the experiment *=0.721 
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Table 17. The analysis of variance of the fiber breaking load by plants and regions 
on the seed coat of the Farm Relief No. 1 variety of - Continued 


t TEST 


Phints . 
TicRions 


Item 



Standard 
error, 
any mean 


Standard 
error of the 
difference 
between 
any 2 
means 


0. 2«4 0. 4H) 

. 22S . 322 


Least differenc!(> neces- 
sary for odds of— 


19:1 


99:1 


0.838 , 1.119 

. 049 . 860 


Values for the analysis of variance in the i)ercentage of thin-walled 
fibers in the Farm Relief No. 1 variety are presented in table 18. 
Odds greater than 99:1 point to the fact that there are highly signifi- 
cant differences between jdant and also region means in this character. 


Table 18 . — The analysis of variance of the percentage of thin-walled fibers by plants 
and regions on the seed coat of the Farm Relief No. 1 variety of cotton 

REOION MEANS 



1 

2 

3 

4 

5 

Mean perwntaRO of thin-walled fibers . . 

59 

11 



24 

1 



PLANT MEANS 


IMant symbol . 

1 

A i 

a 

r 

D 

E 

i 

1 

(} j 

U 

I 

J 

Mean perex^ntage of thin- 
wallcd fibers 

- ■■ 

i 

13 

32 

7 

14 

13 

13 

36 

J 

29 

30 

12 


ANALYSIS OF VAUIANCK 


Variation due 1»)-- 

Degrees 

of 

i 

Mean 


Required 

Odds 


freedom 


Found 

i 

5 percent 
point 

1 percenf 
point 


Plants 

9 

677.11 1 

4.48 

2. 15 

2.94 

>99:1 

Regions . 

5 

4,166.20 

27.59 

2. 42 

3. 45 

>99:1 

IJrror. ^ . 

45 

151.02 

- - - 


1 

. 

^V)tal - ... 

1 59 

Standard deviation of tbe experiment = 12.29 


t TEST 


Item 

Standard 

error 

any mean 

Standard 
error of the 
differenws 
betweem 
any 2 
means 

lioast difference neces- 
sary for odds of-- 

19:1 

99:1 

Plants - 

5.02 
3. 89 

7.10 

5.60 

14. 30 
11.08 

19. 10 
14. 80 

Regions ^ . .. 
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The variance analysis for fiber diameter of tlie Farm Rcdief No. 1 
variety in table 19 indicates hij^jhly signilicant difTerences between 
plants and nonsignificant differences between rc'gions. 


Table 19 . — The analysis of variance, of the fiber diameter by plants and regions on 
the seed coat in the Farm Relief No. 1 variety of cotton 

RKGION MEANS 



1 

2 

.3 

4 








Mean fiber diameter (microns) _ 

17.25 1 

17.04 

17.01 

10.34 

10. 70 


f’LA.V'r MEANS 


IMant symbol . 

Mean fiber dianieter (mi- 

A 

11 




1) 

K 

F 

(1 

n 


crons) - 

17.19 

10.80 

15.81 

10. 70 

10. .54 

17.89 

10.93 

17. 72 

10. 75 


ANALYSIS OF VARIANCE 


Variation duo to— 

DeRrei's 

of 

freedom 

Mean j 
s(iijare 

Found 

Plants. 1 

9 

2.389 

4.08 

Regions . . . . 

5 

1.000 

2.-08 

Error 

45 1 

I 

.51 ; 


'I'otal - 

' 59 j 

Standard deviatioi 


Roqiiirctl 


6 p(‘rc<*nt 
point 


2. 15 
2. 12 


1 porcfut 
point 


2.04 
3. 15 


":.. 00 ; 1 
< 10:1 


t 'IVEST 


Item 

Standard 
error, 
any imam 

Standard 
(‘rror of the 
difTerence 
between 
any 2 
means 

Plants . 

Regions . 

0.291 

.220 

0.412 

.320 


Least flifferenc(’ neces- 
sary for odds of— 


19:1 


00:1 


0.83 in 

.04 .8(5 


Th(‘ variance analysis for the distribution of the filxT population 
on the seed coat of the Acala 4067 variety is presented in tabic 20, 
wherein odds less than 19:1 indicate that diff’erences between plants 
are not significant and odds greater than 99:1 show that there are 
highly significant dift'erences between regions. 


Table 20 . — The analysis of variance of the fiber population by plants and regions 
on the seed of the Acala 4067 variety of cotton 


Region No. 


REGION MEANS 


— 

1 I 

2 j 

3 

4 

5 

(5 


1,(540 

499 1 

753 

1 

270 

395 

400 


Alean number of fibers 
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Table 20 . — The analysis of variance of the fiber population by plants and regions 
on the seed of the Acatla 4067 variety of cotton — Continued 

PLANT MEANS 


Plant synilH)! 

A 

B 

a 

D 

E 

F 

G 

H 

1 

J 

Mean number of fibers 

724 

585 

433 

569 

1,035 

790 

667 

701 

504 

707 


ANALYSIS OF VARIANCE 


Variation due to— 

Degrees 

of 

freedom 

Mean 

square 

F 

Odds 

Found 

Required 

5 percent 
point 

1 percent 
point 

Plants 

9 

5 

45 

175, 836 
2, 586, 907 
92. 187 

1.91 

28.06 

2.15 

2.42 

2.94 
3. 45 

<19:1 

>99:1 

Regions 

Error. . .. _ . .. 

Total 





.59 

Standard deviation of the experiment =304 



t TEST 




Item 


Standard 
error, 
any mean 

Standard 
error of the 
difference 

Least difference neces- 
.sary for odds of— 




between 
any 2 
means 

19:1 

99:1 

Plants 

124 

175 

352 

471 

Regions 

96 

136 

> 274 

> 366 



1 Probably not valid for certain comparisons. Least differences calculated from individual standard 
errors of regions are as follows for these comparisons: 


2 and 4 . 

3 and 4. 
3 and 5. 

3 and 6. 

4 and 5. 
4 and 0_ 


Regions compared 


Least difference for 
odds of— - 


19:1 

99:1 

122 

167 

387 

530 

387 

530 

384 

527 

100 

13() 

86 

118 


The variance analysis for the distribution of the fiber length on the 
seed coat of the Acala 4067 variety is presented in table 21, wherein 
odds of greater than 99:1 indicate that there are highly significant 
differences between region means and also between plant means. 
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Table 21. — The analysis of variance of the fiber length by plants and regions on the 
seed coat of the Acala 4067 variety of cotton 

REGION MEANS 


Region No. . _ 

1 

2 

3 

4 

5 

6 

Mean fiber length (inches) 

1.030 1 

l.Olfi 

1.001 

0.982 

0.943 

0. 942 

PLANT MEANS 

Plant symbol 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

Mean fiber length (inches) . . 

Loot) 

1.050 

1.050 

0.9f«) 

0.990 

1.000 

0.960 

0. 830 

0.960 

1.060 


ANALYSIS OF VARIANCE 


Variance due to — 

Degree's 

of 

freedom 

Mean 

square 

F 

Odds 

Found 

Requinul 

5 lit^reimt 
point 

1 percent 
point 

Plants 

Regions . , ... 

9 

5 

45 

0. 0208 
.0137 
.0027 

9.93 
5. 07 

2.15 
2. 42 

2. 94 
3.45 

>99:1 

>99:1 

Error. 

Total 





59 

Standard deviation of the experiment *0.052 


t TEST 


Item 

Standard 
error, 
any mean 

Standard 
error of the 
(iilTerence 
bi'tween 
any 2 
means 

Least difference neces- 
sary for odds of— 

19:1 

99:1 

Plants - 

0.0212 

.0164 

0.0300 

.0232 

11 

0.0807 
. 0624 

Regions 



The analysis of variance for the fiber weight in the Acala 4067 
variety is presented in table 22. Odds greater than 99:1 point to 
highly significant diffi'rences between both regions and plants. 


Table 22.' The analysis of variance for the fiber tveight per inch by plant and regions 
on the seed coat of the Acala 4067 variety of cotton 

REGION means 


Region No 

1 

2 

3 

4 


6 

Mean fiber weight t0.(K)01 mg.).. 

33 

i 

43 

41 

58 1 

55 

58 


PLANT MEANS 


Plant symbol. 

A 

B 

C 

D 

E 

F 

G 

11 

1 

J 

Mean fiber weight (0.0001 
mg.) 

40 

48 

48 

49 

42 

40 

i 

47 

51 

65 

46 
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Table 22. — The analysis of variance for the fiber weight per inch by plant a7id regions 
on the seed coat of the Acala /fOO? variety of cotton — Coiitiiuied 

ANALYSIS OF VARIANCE 





F 

Variance due to - 

Deproes 

of 

1 

Mean 1 
square 

1 

1 

Hoquirod i 



Found 

6 percent 
point 

1 percent 
point 

i 

1 

1 

Plants- 

Ueirions . . . . . - 

Error . 

Total--- 

h 

mi 

1, 107. 40 
29.87 

8. 72 
37. 07 

2.15 

2.42 

2.94 
3.45 j 

r. 99: 1 
>99: 1 

59 

standard deviation of tlie cxj^erinieiit -5.465 


i TEST 


J tern 

Standard 

Standard 
error of the 
difference 

licast diffenmee neces- 
sary for odd.s of 

any mean 

iMd.ween 
any 2 
means 

19:1 

99:1 

Plants.. . 

Repions. 

2.23 

1.73 

3.15 

0. 34 
4. 93 

8. 47 
6. 59 


The analysis of variance for the fiber breaking load in the Acala 
4067 variety is presented in table 23. The values show that tli(‘r(‘ 
are highly significant differences between plants and also between 
regions in the fiber strength. 


Table 2S - -The analysis of variance of the fiber breaking load by plants and. regions 
on the seed coat of the Acala ^067 variety of cotton 

REGION MEANS 


Repion No.. 

1 

2 

3 

4 

5 

6 

6. 01 

Mean breaking load (grams) . 

3. 16 

4.2;i ; 

4.22 

6.28 

1 

5. 59 

1 

PLANT MEANS 

Plant symbol- 

A 

B 

C 

D 

E 

F 

G 

n 

1 

J 

Mean breaking load (grams) 

3. 79 

4. fiO 

4. 37 

.5.22 

4. 16 

5.91 

5.61 

4. 75 

5. 46 

5. 29 


ANALYSIS OF VARIANCE 





F 


Variation due to— 

Degrees 

of 

Mean 

square 


Required 

Odds 



Found 

5 percent 
point 

1 peroiuit 
point 


Plants 

i 

9 

2.8487 
15. 0388 
.0293 



4.53 
23. 90 

2. 15 
2.42 


1 

Regions.-- 

5 


1 

Error .. . .. . 

45 



1 



'j 



Total 

59 

flfanHor(t 

ilotvickf lAn 

AVT'ka 



t^vauvioj w 

LiCV iOviUli 

UI Lli6 expe 
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Table 23. — The analysis of variance of the fiber breaking load by plants and regions 
on the seed coat of ihcAcala 4067 variety of cottoit — Continued 

/ TKST 


Item 

i 

Slaiidar<l 

Standard 
(•rror of the 
dilTereiiee 

L(‘ast di Here nee neces- 
sary for odds of 

error, 
any mean 

between 
any 2 
means 

19:1 

99:1 

elants 

Itegions 

().:e2:i7 
. 250S 

0. 4578 
. 3547 

0. 922 
.714 

1.231 

.954 


The vtiriaiieo analysis of tlio percentage' of thin-walled fibers in the 
Aeala 401)7 variety is contained in table 24 where'in tlu‘ value's indicate 
real eliffereuices betweeui re*gions anel ne)nsignifie*ant elifferences betweic^n 
plants for the' pe'rcentage means. 

’^Pable 24. 7^he analysis of variance of the percentage of thin- walled fibers by plants 
and regions on the seed coat of the Aeala 4067 variety of cotton 


REGION MEANS 


Renion No . . 





' 


3 

4 1 

1 

Mean percentage of thin-walled fibers 




59 


, 34 

4 

9 



ri.ANT 

MEANS 





riant symbol 

A 

R 


J) 

K 

F 

0 

u~ 


Mean percentage of thin- 
walled flh(*rs 


1 








30 

1 

34 

11 

32 

25 

10 

23 

1 

19 i 


ANA LYSIS O F V A K1 A N ( ' E 







Variation due to- 

Dt'grees 

of 

freedom 

Mean 

square 


Required 

Odds 


Found 

5 i)ercent 
point 

1 percent 
I)f)int 


IMants - 

Regions 

Error 

9 

4 

45 

344. 00 
4, 510.40 
179. 89 

1.91 
i 25. 07 

■- 

2. 15 
2.42 

2. 94 

3. 45 

<19:1 

>99:1 

Total 


Standard deviation of the experiment= 13.40 


t TEST 


Item 

Standard 
<‘rror, j 
any mean 

Standard 
error of the 
difference 
between 
any 2 
means 

Least differ 
.sary for < 

19:1 

ence neces- 
jdds of - 

99:1 

Plants 

Regions — 

5. 47 
4.24 

7.74 

5. 99 

15.59 

12.06 

20. 82 
16. 11 
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The variance values for the Acala 4067 variety presented in table 25 
indicate highly significant diflferences in fiber diameter between plants 
and significant differences between regions. 


Table 25 . — The analysis of variance of the fiber diameter by plants and regions on 
the seed coat of the Acala 4067 variety of cotton 

REGION MEANS 


Region No.. 

1 

2 

3 

4 

5 

6 

Mean fiber diameter (microns) — 

15.81 

15. 16 

14.55 

15.10 

15.10 

14.82 


PLANT MEANS 


Plant symbol- 

A 

B 

C 

n 

E 

F 

o 

H 

I 

J 

Mean fiber diameter (mi- 
crons) 

14.49 

15.23 

14. OG 

15.97 

15. 27 

14.79 

1 

14.44 

14.26 

16.62 

14.88 


ANALYSIS OF VARIANCE 


Variation due to— 

Ilegrces 

of 

freedom 

Mean 

square 

Found 

F 

j Required 

Odds 

5 percent 
point 

1 i)erc<mt 
point 

Plants. 

9 

3. 200 

6. 15 

2.15 

2.94 

>99:1 

Regions — 

5 

1.760 

3. 38 

2.42 

3.45 

>99: 1 

Error 

45 

.520 





-- 

Total 

59 

Standard deviation of the experiment *=0.721 


t TEST 


Item 


Plants. . . 
Regions... 


Standard 
error, 
any mean 

Standard 
terror of the 
difference 
between 
any 2 
means 

Lc*ast difference neces- 
sary for odds of— 

19:1 

99:1 

0.294 

.228 



0.416 
. 322 

0.84 

.65 

1. 12 
.87 


The variance of the fiber population in the Rowden 40 variety is 
contained in Table 26. Odds of less than 19:1 indicate that differences 
between plants are not significant, whereas odds greater than 99:1 
show that there are highly significant differences between regions. 


Table 26 . — T'he analysis of variance of the fiber population by plants and regions 
on the seed coat of the Rowden 40 variety of cotton 

REGION MEANS 


Region No 

1 

2 

3 

4 

5 

6 

Mean number of fibers . . _ . 

1, 725 

414 

424 

202 

438 

216 
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Table 26. — The analysis of variance of the fiber ‘population by plants and regions 
on the seed coat of the Rowden 40 variety of cotton — Cfontinued 

PLANT MEANS 


Plant symbol 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

Mean number of fibers 

466 

564 

627 

579 

472 

719 

440 

599 

750 

481 


ANALYSIS OF VARIANCE 


Variation due to — 

Degrees 

of 

freedom 

Mean 

stpiare 

F 

Odds 

Found 

Required 

5 percent 
point 

1 percent 
point 

plants. . - 

9 

5 

45 

69, 446 
3,315,923 
108,416 

.64 
30. 59 

2.71 

2. 42 

4.31 

3. 45 

<19:1 

>99:1 

Regions 

Error .. 

Total . . . - 





59 

Standard deviation of the experiment =329 



t TEST 


Item 


Plants . 
Regions 


Standard 
error, 
any mean 


134 

104 


Standard 

Least difference neces- 

error of the 

sary for (xlds of— 

difference 


- 

between 
any 2 
means 

"'1 

19:1 

99:1 

190 

383 

511 

147 

’ 296 

1 .395 


' Probably not valid for certain comparisons. Least differences calculated from individual standard 
errors of regions arc as follows for th(‘se comparisons: 


R<?gions compared 


2 and 4 . . 

2 and 6 

3 and 4 . , 

3 and 6. . 


Least differences for 
odds of— 


19:1 

99:1 

116 

1.58 

127 

174 

124 

169 

134 

184 


The analysis of variance for the fiber length in the Rowden 40 
variety is presented in table 27, wherein odds greater than 99:1 
indicate that there are highly significant differences betwe(>n both 
regions and plants. 


Table 27. — The analysis of variance of the fiber length by plants and regions on the 
seed coat of the Rowden 40 variety of cotton 

REGION MEANS 


Region No 

1 

2 

3 

4 

5 

6 

Mean fiber length (inches) 

1. 05.3 

1.015 

1.000 

0. 992 

0.947 

0.937 
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Table 27 . — The analysis of variance of the fWer length hy plants and regions on the 
seed coat of the Rowden 40 variety of cotton Continued 


PLANT MEANS 


Plant symbol- . 

i 

B [ C 

1 

1) 

E 

F 

G 

1 

11 

I 

Mean fiber lenjjth (inehes) . j 

1.000 

0.050 j l.OfiO 

1.010 

1.020 

0. 8ti0 

0.010 

1.060 

0. 8{ 


ANALYSIS OF VARIANCE 


Varialioi) dm; f.o - 


Plants. . 

J log ions 
Error . . . 


Total 


1 


1 

F 


1 

Decrees 

of 

fre(*doni 

Mean 


1 H(^(iuired 

scpmre 



■■ 1 


Found 

5 ixToent 

1 pereeiit. 





])oint 

I’oint 


0. 0421 

14.52 

2. 15 

2. 04 

5 1 

. 0187 

6. 45 

2. 42 

3. 45 

45 

. (K)2{) 

i 


i 



50 


Standard deviation of the experiment =0. 051. 


t TEST 


Item 

Standard 
error, 
any mean 

1 

Standard 
error of the 
ditlerenee 
botwet‘n 
any 2 
means 

Plants .. . . . 

Regions . . . 

0. 0220 
.0171 

0 . 0311 
. 0242 


Least <liffercnee n(‘ces- 
sary for odds of - 


10:1 


00:1 


0. 0. 0837 

. 0487 . (M)5] 


Tho analysis of variance for tlie fiber weight in the Rowden 40 
variety is contained in table 28. Odds greater than 19:1 for plants 
arid more than 99:1 for regions show that th(>re are significant differ- 
ences between both regions and plants. 


Table 28.- The analysis of variance of the fiber weight per inch hy plants and regions 
on the seed coat of the Rotvden 40 variety of cotton 

REGION MEANS 


Region No 

1 1 

1 

2 

3 

4 

5 1 

6 

Mean fiber weight (O.(KK)l 
mg.) .. - 

38 

48 

46 

1 

65 

57 

65 


PLANT MEANS 


Plant symbol 

A 

B 

C 


E 

F 

G 

1 ® 

I 

J 

Mean fiber weight (O.O(K)l 
mg.) - 

35 

41 

57 

51 

56 

63 

65 

73 

60 

48 



Mar. I, 1941 


Fibers on Cottonseed of American Upland Cotton 


283 


Table 28. — The analysift of variance of the fiber weight per inch by planta and regions 
on, the seed coal of the Rowden JfO variety of cotton — Continued 

ANALYSIM OF VARIANC’E 


Yariation diu* to— 


riant s_ 
Rogioris 
Error 


Total 


Item 


Plants 

l<otri<»ns 





F 



of 

fr(‘(‘<loin 

Moan 

s(iuaro 

! j 


Ro(luir(^d 

Odds 

Found 

j.>erccnt 

point 

1 portrait 
point 


9 

.*) 

I.*) 

tww. 78 

1, 293. fit) 

228. m 

i 

2. 80 

5. fifi 

2. 15 
2. 42 

2. 94 
3. 45 

>19:1 

>99:1 







/>« 

Standard dt‘viation of the oxi)oriinont= l.I.l 

2_ 


t TES'r 


i 

Standard 

Least dilloronce neces- 

! Standard 
i (‘rror, 
i any moan 

error of the 
difforonoo 

sary for odds of 

hotwoon 



any 2 
m(*ans 

19:1 

99:1 


0. 17 

8.73 

17.58 

23. 48 

4. 78 

fi. 7fi 

13.1)1 

18. 18 


Tho variancp analysis for fib(‘r broaking load in the Rowden 40 
variety pr(‘S('nted in tabh' 29 indicates very real differences between 
plants and also betwe(*n rc'^ons. 

Table 29.^ — The analysts of variance of the fiber breaking load by plants and regions 
on the seed coat of the Rowden W variety of cotton 

HKOION MEANS 


Region No . 

1 

2 

3 

4 

5 

fi 

Mean breaking load fgrarns). 


- --- 

-- -■ - 


4. .30 

4.90 

4. 51 

fi. 72 

fi. 11 

6. 12 



1 

’LANT 

MEANS 






IMant symbol- 

A 

R 

1 

C 

1 

1> 

E 

F 

0 

11 

I 

J 

Mean breaking load (grams) . . 

fi. 4fi 

4. 43 

4.38 

4.25 

7. 32 

4. 28 

i “ 

fi. 21 

4.84 

fi. 25 

6. 04 


ANALYSIS OF VARIANCE 





i ^ 


Variation due to — 

Degrees 

of 

freedom 

Mean 

square 


Retpiired 

Odds 



Found 

5 percent 
point 

1 pertMUit 

point 


Plants 

Regions , _ 

Error .. 

9 

5 

45 

7.0398 

9.9125 

.9028 

1 1 

8. 46 
10.98 

2. 15 
2. 42 

2.94 

3. 45 

>99:1 

1 >99:1 


1 




Total-. 

59 

Standard deviation of the exi:K*rimcut=0.95. 
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Table 29. — The analysis of variance of the fiber breaking load by 'plants and regions 
on the seed ooat of the Jtonfden. 40 oariety of cotton — Continued 

( TEST 


Item 

Standard 
error, 
any mean 

Standard 
error of the 
difference 
between 
any 2 
means 

Lea.st difference neces- 
sary for odds of— 

19:1 

99:1 

Plants 

Regions . - - - - . . - . 

0.3878 

.3004 

0.5484 

.4248 

1 . 104 
.856 

1.476 

1.143 



^ The data contained in table 30 for the variance of the percentage of 
thin-walled fibers in the Rowden 40 variety indicate that there are 
very real differences between regions and nonsignificant differences 
between plants. 


Table 30. — The analysis of variance of the percentage of thin-walled fibers by plants 
and regions on the seed coat of the Rowden 40 variety of cotton 

REGION MEANS 


Region No 

1 

2 

3 

4 

5 

6 

Mean ixjrcentage of thin -walled fibers . - . 

62 

30 

32 

9 

9 

I 

9 


PLANT MEANS 


Plant .symbol 

A 

B 

C 

1) 

E 

F 

G 

H 

I 

J 


Mean ixwentage of thin- 
walled fibers 

14 

21 

24 

27 

25 

38 

22 

1 

36 i 

20 

25 



ANALYSIS OF VARIANCE 


Variation due to— 

Degrees 

of 

freedom 

Mean 

square 

F 

Odds 

Found 

Required 

5 percent 
point 

1 percent 
point 

Plants 

9 

1 ft 

1 45 

310.33 
4,441.20 
268. 91 

1. 15 
16.52 

2.15 

2.42 

2.94 

8. 45 

<19:1 

>99:1 

Regions.--- 

Error - 

Total 





59 

Standard deviation of the experiment « 16.40. 



t TEST 


Item 

Standard 
error, 
any mean 

Standard 
error of the 
difference 

1 Least difference necos* 

1 sary for odd.s of— 

between 
any 2 
means 

19:1 

90:1 

Plants 

6.69 

9.46 

19.05 

25. 45 

Regions 

5. 19 

7.34 

14.78 

19.74 
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The variance analvBis for fiber diameter in the Rowden 40 variety 
is presented in table 31. The values do not point to significant 
differences between either plants or regions. 

VARIANCE OF FIBER CHARACTERS FOR THE ENTIRE EXPERIMENT 

Results for the analysis of variance within varieties have been given 
on the preceding pages. 

The whole experiment has been set up and analyzed for variance of 
fiber population, length, weight, breaking load, percentage of thin- 
walled fibers, and diameter. 


Table 31 . — The analysis of voiriance of the fiber diameter by plants and regions on 
the seed coat in the Rowden J^O variety of cotton 

REGION MEANS 


i 

Region No . 

1 

2 

3 

4 

5 

6 

Mean liber dinmoter (microns), 

16. 96 

16. 62 

16.56 

16.28 

16.78 

16. 52 


PLANT MEANS 


Plant symbol 1 

A 

n 

C j 

D 

E 

F 

G 

11 

I 

J 

Mean fiber diameter (mi- 
crons) 

16.53 

i 1 

16. 62 

16. 79 

16.32 

17. 06 

16.58 

16. 10 

17. 10 

16. 45 

16. 45 


ANALYSIS OF VARIANCE 


Variation due to— 

Degrees 

of 

freedom 

Mean 

square 

F 

Odds 

Found 

Required 

5 percent 
point 

1 pcrwnt 
point 

Plants - - 

9 

5 

45 

0.589 
.560 
. 469 

1.26 

1. 19 

2. 15 
2. 42 

2. 94 

3. 45 

<19:1 

<19:1 

Recions - 

Error . . , . , _ 

Total , 




59 

Standard deviation of the experimented 685 


t TEST 


Item 

Standard 
error, 
any mean 

Standard 
error of the 
dilTerencc> 
between 
any 2 
means 

Least difTerenct‘ neces- 
sary for odds of — 

19:1 

99:1 

Plants.., - 

0.280 

.217 

0.396 

.307 

0.798 

.618 

1.065 

.826 

Regions ... .. . . . 



The analysis of variance for the fiber population of the whole 
experiment is given in table 32, wherein odds of more than 19:1 
indicate that there are significant differences between the mean popu- 
lations of varieties and odds greater than 99:1 show that there are 
highly significant differences between the mean populations of regions. 
Odds amounting to more than 19:1 point to the fact that the interac- 
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tion of. varieties with regions (varieties times regions) is significant; 
that is, varieties significantly affected the fiber population of regions. 

Table 32 .- The analysis of variance of the fiber population for the total experiment 

including all five varieties of cotton 

REGION MEANS 


Region No. 


Mean number of fibers. . 


VARIETY 


1 

2 

3 

4 

'' 1 

(> 

1,673 

4!7 

505 

253 


287 


MEANS 



Mexican 

128 

Coker- 

Olevcland 

8K4-4 

Farm 
Relief 
No. 1 

Acala 

4067 

Rowden 

40 

Mean number of fibers per rceion . .. . j 

,529 

640 

a.; 

662 

570 


ANALYSIS OF VARIANCE 





F 


Source of variation 

l)ogn*es 

of 

freedom 

Mean 

square 

Found 

Re<iuired 

Odds 



5 percent 

1 i)(*rcent 








point 

point 


Between varieties . . 

4 

277, 205 

f 1 3. 38 

2.58 

3.77 

>19:1 

Within varieties . . .. 

45 

82, 074 





Between regions .. 

»} 

14,718.628 

*’ no. 16 

2.71 

4. 10 

.>99; 1 

Varief iesXregion.s ... 

Remainder 

20 

225 

133. 607 
77, 248 

3 1.73 

1.57 

1.88 

>19:1 





Total... 

299 



t TEST 


Item 


Varieties * . 
Regions. 


Standard 
error, 
any m(?an 


Standard 
error of the 
difference 
between 
any 2 
means 


Least difference neces- 
sary for odds of— 


1(V) 

fi J54 


140 
» 211 


1 M. S. va ri eties 

M. S. within varieties' 

“ M. S. regions ^ 

M. s'. varietiesXregions 
* S. varietle s Xregiong 
M . S. rotuainder 

< w for computing standard error any mean— 60; n would be 10 if means were plant totals. 

« Probably not valid for certain comparisons. Least differences calculated from indiv idual standard 
errors of regions are as follows for these r*ompnrisons: 


Recion.s computed 


2 and 4. 
2 and 6. 
l and 5- 
4 and 5. 


Least differences for 
odds of— 


19:1 

99:1 

55 

73 

54 

71 

121 

161 

83 

no 
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The variance analysis of the fiber length for the whole experiment 
is contained in table 33, wherein odds greater than 99:1 point to the 
fact that between varieties and also between regions on the seed coat 
there are highly significant differences. In table 33, also, odds of 
less than 19:1 indicate that the intc'raction of varieties arui regions 
is not significant for hngth; that is, varieties ayiparently did not sig- 
nificantly affect the fibc^r length of the regions on the sc^ed. 

Table S3. -The analynia of variance of the fiber length of the total experiment in-- 
chiding all five varieties of cotton 


KKOION MEANS 


Region No ... j 

1 

2 I 


4 


Mean fiber length (inches) , 

1.094 

1.097 

1.0S5 

1.079 

1.044 


VARIETY MEANS 



Mexittiii 

128 

Coker- 

rieveland 

884-4 

Farm 
Relief 
No. 1 

Actila 

4007 

Rowden 

10 

Mean fiber lengtli i>er region (inches) .. , . 

1. 113 

1. 102 

1.105 

0. 9Hf> 

0. 991 


ANALYSIS OF VAKIANCP: 


F 


Source of variat ion 


Retw'oen A nrieties 

Within varieties . 

Between regions 

Variet.iesXveglons 

Remainder 


Total 


Degrees 

of 

freedom 


4 

45 

5 

29 

22 .") 


2tnJ 


M <‘un 
s(iuare 


Found 


Roquirt'd 


Odds 



0.3801 
. 0332 
. 0393 
.0051 
.0044 


1 11. 15 


*■ 8. 93 
a 1.23 


5 percent | 1 percent 
point I imird 


2. 58 


>99:1 



3' li 
1-88 


->90:1 

<19:1 


t TEST 


Item 

Standard 

error 

any mean 

Standard 
error of the 
dilTerence 
between 
any 2 
means 

Lea.st differ 
.sary fi^r ( 

19:1 

enco neces- 
adds of -- 

99:1 

Varieties*-- 

0. 0235 

0. 0333 

0. 0071 

0. 0890 

Regions _ _ - . 

. (K)94 

.0133 

. 0202 

. 0346 


» M. S. v arie ties 
M. S. within varieties.* 

" M^ "rem~a^^SSr * *^*'^**^^ regions in.stead of varietiesXregions, which is not 

significant relative to the remainder. 

8 M . S. varieties X region s^ 

M . S. remainder 

< n for computing standard error any mean=60; n would be 10 if means were plant totals. 

yi2ir»4-~-4I 3 
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The variance analysis for the fiber weight per inch of tlie whole 
experiment is presented in table 34, wherein odds less than 19:1 
indicate that the differences between varieties in the fibi^r wedght 
(average weight of the six regions on the seed coat) are not signif- 
icant. Odds of greater than 99:1 in table 34 show that difterences 
between regions are highly significant, while odds less than 19:1 
point to the fact that varieties did not significantly influence the 
fiber weight per inch of regions. 


Table 34. — The analysis of variance of the fiber weight per inch for the whole experi- 
jnent including all five varieties of cotton 

REGION MEANS 


Region No . .. .j 

1 

2 

3 

4 

5 

Mean fiber weight (0.(KK»1 mg.) 

34 

40 i 

.1 

44 

i 

58 

55 


VARIETY MEANS 



Mexican 

128 

Cokei- 

CMeveland 

884-4 

Farm 
Relief 
No. 1 

A cal a 
4067 

Rowderi 

40 

Mean fiber weight (O.noul ing.) .. 


47 

51 

4H 



ANALYSIS OF VAKIANOE 


Source of variation 


Retween varieties 
Within variet ies . 
Ret ween regions 
Varietiesxreginns 
Remainder 


Total 


m) 





F 



agrees 

of 

edorii 

Mean 

stpiare 

! 

Found 

RlMJl 

5 i)(‘rw>nt 
point 

Hired 

1 T>cre(‘nt 
I)oint 

Odds 

1 

! 

— 

' — 

- -- — i 

' 



— 

4 

309. 50 

1 0. 92 

5. 63 

13. 46 

<19:1 

45 

335. 38 




5 

4. 523. (M» 

' 2 SO. 88 

( 2. 26 

3, 11 

>9t): 1 

20 

225 

93. 50 
79. 52 

1 

3 1. 18 

1.57 

1.8S 

<19:1 



1 



f TEST 



Standard 
error, 
any mean 

Standard 
error of the 
dilleri'iice 

Least diffenmee ruajes- 
sary for odds of— 


between 
any 2 
m(>ans 

19:1 

99:1 

Varieties V .. ... . 

Regions.- . 

2. 363 
1.263 

3. 342 
1.784 

6. 731 

3. 518 

S. 990 
4, 640 



i M. S, va r ietie s 

M. S. within varieties.’ 


* m. o. reaioos 

nvi S. remaTFid^ * Remainder is used as error for regions instead of varieties Xregions, which is not 
signillcant relative to the remainder. 

» B. varieties X regions. 

~M. S. remainder 

* n for computing standard error any mean =60; « would be 10 if means were plant totals. 
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The variance analysis for the single fiber breaking load of the entire 
experiment is contained in table 35, wherein odds greater than 19:1 
indicate significant differemces between varieties. Odds of more than 
99:1 show that there are highly significant diffcn’cnces between region 
means, while odds less than 19:1 point to the fact that varieties did 
not significantly influen('(r the fiber breakinir load of regions. 

Table 35. — The analysis of variance of the fiber breaking load for the total expermient 
including all five varieties of cotton 


REG JON MEANS 


Region No . . 


! i ! 2 

1 1 


4 


M(^an breaking load (grams) 


1 3.44 1 4.73 

4.3‘J 



(i. 1 1 

5.7(1 ! 

L 1 


VARIETY MEANS 



Mexican 

128 

f’oker- 

Cleveland 

884-4 

Farm i 
Relief 
No. 1 1 

Acahi 

4(M)7 

Row’ den 
40 

Mean fiber breaking load (grams) 

f).42 

4.54 

4.75 

4.02 

5.45 


ANALYSIS OF VARIANCE 








J legrees 

Mean 


Required 

Odds 

Source of variation 

of 




freedom 

square 

Found 

5 i)erccMl 

1 por(!enl 







point 

p<)int 


Hetween varieties 

4 ; 

0. 8257 i 

> 3. 5(5 

2. 58 

3. 77 

>19;: 

Within vari(‘fies ... 

45 

2. 7.W7 j 





Tletween regions 

5 

53. 2078 

2 85' (M5 

2. 2(5 

3. 51 

>00: 

VarietiesXregions . . 

Remainder 

20 

225 

. tMH4 
. ti255 

07 

.1.84 

1 ■■■ ■ 

2.42 

v.:i0;: 

Total 

. ._._j 

200 



/ TEiiT 


! 

j 

Item 

Standard 

Standard 
error of the 
diiYert'Tice 

Least dilference neec'S- 
sary for odds of — 

error, 
any mean 

between 
any 2 
means 

10:1 

09:1 

V^arieties^ _ .. 

Regions-- _ . 

0.2142 
. 1110 

i 0.3020 

j . 1582 

0. (5 UK) 
.3120 

0. 8148 
.4115 


S.jrarUnios 

M. S. within varictiivs* 

S^om Remainder is used as error for regions instead of vnrieti(‘sXregions, which is not sig- 

nificant relative to tho remainder, 

M . 8 . var ieties X regions. 

M. S. remainder 

* n for computing standard error any mean~60; n would he 10 if means were plant totals. 

The analysis of variance of the percentage of thin-walled fibers for 
the total experiment, presented in table 36, gives odds greater than 
19:1 for varieties and odds greater than 99:1 for regions, and also for 
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varieties X regions; that is, there are differences between both varieties 
and regions, and varieties significantly affected regions relative to the 
percentage of thin-walled fibers. 


Table 36. — The analysis of variance of the percentage of thin-walled fibers for the 
total experiment including all five varieties of cotton 

REGION MEANS 


Region No . 

1 

2 

3 

4 

5 

6 

Mean percentage of thin-walled fibers 

60 

19 

28 

8 

9 

8 


VARIETY MEANS 


Mean perwntagc of thin-walled fibers. . 


Mexican 

128 

Coker- 

rievoland 

884-4 

Farm 
Relief 
No. 1 

Acala 

4067 

Rowden 

40 

16 

18 

20 

i_... 

23 

25 


ANALYSIS OF VARIANCE 


Source of variation 

Degrees 

of 

freedom 

Mean 

square 

Found 

F 

Reel Hired 

Odds 

5 i^ercent 
point 

1 i)ereent 
l)oint 

Between varieties 

4 

8:46.96 

» 2. 61 

2. .68 

3.77 

>19:1 

Within v^^fieties 

45 

320. 67 





Between regions 

h 

13,933.49 

2 33. 66) 

2.71 

4. 10 

>99:1 

VarietiesXregions 

20 

413.94 i 

3 2. 63 

1..67 

1.8K 

>99:1 

Renminder 

22.6 

167.41 












''rotal . 

299 



/ TEST 


Varieties - 
Regions 


Item 

Standard 
error, 
any mean 

Standard 
error of the 
dillerenec 

i Least differeiKM; neces- 
sary for odds of— 

between 
any 2 
means 

19:1 

99:1 


2. 31 1 

3. 268 

6.58 

8. 79 


2. 877 

4.069 

8. 49 

11.58 



1 M. S . v arieties 
M. S. within varieties' 

^ M. S. re gi ons 

M . S. varietiosXregions* 

8 M. S . varieties Xr cgions ^ 

M. S. remainder 

* n for computing standard error, any mean =00; n would bo 10 if means were tdant totals. 


The analysis of variance of the fiber diameter for the entire experi- 
ment is given in table 37. Odds greater than 99:1 in this table indi- 
cate that there are highly significant differences between varieties and 
also point to the fact that varieties very significantly influenced the 
fiber diameter of regions. Odds of less than 19:1 in the same table 
indicate that differences between regions are not significant. 
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Table 37 . — The analysis of variance of the fiber diameter for the total experiment 
including all five varieties of cotton 

UKdlON MEANS 


Region No - 

1 

2 1 3 

4 

5 

0 

Mean fiber diameter (microns) . . 

16.40 

16. IS 1 16. 12 

15.90 

15. 99 

16.00 


VAllIETY MEANS 



Mexican 

128 

Coker- 

Ch've.land 

8cS4-4 

Farm 
Relief 
No. 1 

A cal a 
4067 

1 

Rowd<‘n 

40 

Mean fiber <liameter (mieron.s). 

16. 32 

15.62 

16. 85 

15.09 

16.60 


A N A LY SIS O F V A R I A N C E 


Source of variation 

Degrees 

of 

frcialom 

Mean 

square 

Found 

F 

R(M|i 

5 percent 
point 

lired 

1 i)iTcent 
point 

Odds 

Between varieties . 

4 

31.81 

1 13. 37 

2.58 

3. 77 

>99:1 

Within varieties ... 

45 

2.38 





Between r<?gions ^ 

5 

1.59 

' 1.36 

2.71 

' 4 . 10 

<10:1 

Vari<‘tiesXregions .. 

20 

1. 17 

3 2. 05 

1.57 

1.88 

>99:1 

Remainder 

225 

.57 





Total-. 

299 







1 TES'r 



Item 




standard 
«'rror. 
any mean 

Standard 
<‘rror of the 
diiren'iice 

Least dilTerene(‘ neces- 
sary for odds of — 





between 
any 2 
means 

19:1 

99:1 

Varieties^ . 

Regions ... ... 

0 . 1991 
. 1530 

0.2816 
. 2164 

0. 57 
.45 

0. 76 
.62 


_ J vnrictjt's 

M. S. wilhiu variei.i(\s' 

^ M. S. rofyons 

M. S. varietio.sXn'gions’ 

^ M. S._v’jyi(‘ti(*,sX n>ir ions 
M. S. ronmiiidor 

♦ n for compuUup standard orror any ni('an=(>(); n would bo 10 if nioans wore plant totals. 
COMPARISON OF THE FIBER POPULATION OF VARIETIES BY SINGLE REGIONS 

From data on the fiber population of eacli of tlic six regions from the 
10 plants of each of the five varieties calculations were made to obtain 
the analysis of variance' values for population. These summarized 
values are presented in table 38. Between varieties the odds shown 
are less than 19:1 for regions 1, 3, and 4, 19:1 for region 2, and greater 
than 99: 1 for regions 5 and 6. 
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Table 38. — The variance of fiber population by single regions for between the five 

varieties of cotton 
OBSERVED VALUES 


Varirtifs 


Mexican !28. 

Coker-0 levelanci 884-4 

Farm R(‘licf No. 1 

Acala 

Rowden 40 


Mean fiber r)oi>iila(iori for region No.— 


• 

2 

3 

4 


0 


290 

470 

280 

327 

317 

2.044 

437 

013 

273 

334 

241 

l.4!« 

440 

301 

233 

201 

200 

l,(J4(5 

499 


270 


400 

l,72r> 

4!4 

421 

202 

43S 

210 


ANALYSIS OF VARIANCE 


Region 
No. ~ 

V' ariat ion due to- 

Degrees 
of free- 
dom 

M<‘an 

square 

F 

Odds 

<19:1 

F'onnd 

Required 

5 percent 
point 

1 t)er(*ent 
point 

3.77 

1 .. 

(Varieties... 

4 

lO 

549. 368 
238,022 

} 

2. .58 

iKrror.. ... . 


1 Total 

49 






2 

(Varieties.. .. .... 

4 

40 

.55, 702 
21.. 575 

]■ 2. .582 

2. .58 

3. 77 

19:1 


1 Total . . 

49 






3. 

■Vari<*lies 

Error 

4 

40 

224, 246 
109. 087 

} ... 

2. .58 

3. 77 

<19:1 


Total 

49 


. 

.... .... 


— 

4 

(V'aneties. ... 

1 Error 

1 Total .. . 

4 

40 

11,843 

1.5,380 


5. ()3 

13, It) 

19:1 

49 



... 

.... . 


r, 

Varieties . . 

Error. 

'J^otal . 

(Varieties 

1 Error... 

1 Total... 

4 

4.5 

♦182. !)24 
19, .539 

} 34.9.5 

2.58 

3. 77 

>99:1 

0 .. 

49 

4 

45 




3. 77 




57, 931 

8, 085 

I 

2. .58 

>99:1 

49 


... .... 

.... ... 





i TEST 


Region No.— 

Standard 
<‘rror, any 
mean 

Standartl 
error of tlu' 
diffenmee 
between any 

2 means 

L(>ast difference neee.ssary 
for odds of — 

19:1 

99:1 

1.. .... 

1,54 

218 

439 

.586 

2 ..... 

46 

65 

131 

175 

3.... .... 

1 105 

148 

298 

398 

4.... 

39 

6.5 

111 

148 

5 . .. 

44 

63 

127 

169 



29 

40 

81 

108 
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Comparison of Varieties for Goodness of Fit for Fiber Distribution 


The value of doiermined for each of 10 possible pairs of 

varieties from the formula 






faf-fb 


r 




in which /« and /5 are the frequencies and ami Nt, are tin? totals of 
these frequencies. The distribution of the fiber population, x^, and 
P values are presented in table 39, The P values in this table are 
less than 0.000005 and the odds greater than 199,999:1 for any pair of 
varieties; therefore the distribution of fiber population is different in 
each possible comparison. 


Table 39. -The goodness of fit for the fiber distribution of all five cotton varieties 

OnSERVEO VATA ES 


Avorajie liber poinilntioii of vnrioty imnuHl — 


Region N(o or class * 

Mexican 128 

Cokcr-I'lcvc- 
land 881-4 

Farm Relief 
No. 1 

Acala 4007 

Row’den 40 


1, 457 ! 

2, (Ml 

1.493 

1,040 

1. 725 

•> 

2\H\ 

437 

44(1 

499 

414 

3 

477 

.513 

301 

7.53 

424 

4 

2.80 

273 

233 

270 

202 

fl 

327 

334 

2(H 

39.5 

4.38 

J,; 

317 

211 

250 

j 40() 

210 


X-’ VAIA^E 


Varii'lios ooniparcl 


Mexican 12Sari<I roker-CIeveland 884 4. . 

Mexican 12M and Karin Relief No. 1 

Mexican 128 and A eala 40(i7 

Mexican 128 and Rowden 40 
(''okerA^'leveland 884-4 and Farm Relief No. 1 

Coker-Cdcveland 884-4 and Acala 40<i7- 

('oker-('leve!and 884-4 and Rowden 40 

Farm Ridief No. 1 and Acala 40(i7 

Farm Rfdief No. I and Rowden 40, 

Acala 4(M)7 and Rowden 40 


Value of 

X“ 

Vnluc of 
p 

Odds 

71.87 
01.75 
51.92 
84. 70 
32. 75 
1.37,70 1 
37. 57 : 
92.79 
.51.41 
131.49 


0.(M)000.5 

Orcalcr than 199.999:1. 


> w'— f) repion.s or cJas.si'S. 'Jdieii n for valu<? of P in Eldcrtou’.s table (where =.5+1=0) eriuals (Sei' 
Eldkhton, W. Faun, tahi.ks for testino the ooodn'e.«i.s of fit of theoky to observation. Bionie- 
trika 1:11.5,51-163. 1901.) One decree of freedom was used in the classification for the 0 rcjiions. 


SIMPLE CORRELATIONS WITHIN VARIETIES 

From the data in columns 2 to 7, lines 1 to 10, of tables 2, 3, 4, 5, 6, 
and 7 simple correlation values were calculated to show the relation- 
ship of density of fiber population, fiber length, fiber weight, fiber 
strength, percentage of thin-walled fibers, and fiber diameter in the 
Mexican 128 variety of cotton. Calculations were also ma(le from 
similar data for the other four varieties to obtain this relationship. 
The correlation coefficients for the five varieties are presented in 
table 40. 


Love, Harry H. appmcation of statistical methods to agricultural research. 50l pp., illus. 
Shanghai. 1937. (See pp. 293-290.) 
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The values in table 40 are not significant for the correlation of 
density of fiber population with fiber length ; whereas all the values for 
the correlation of density of fiber population with fiber weight are 
highly significant and negative — that is, as fiber population increases 
fiber weight decreases, or vice versa. The correlation of density of 
fiber population with tlie average strength per fiber is also negative 
and highly significant for each variety. The correlation values indi- 
cate a highly significant and positive relationship of density of fiber 
population with the. percentage of thin- walled fibers in each variety. 
No variety shows a significant value for the relation of density of fiber 
population to the average fiber diameter. 

Table 40. The simple correlation within varieties of density of fiber population, 

fiber length, fiber weight, fiber strength, percentage of thin-walled fibers, and fiber 
diameter for all five varieties of cotton. 


Slniplo correlation <;o(‘fricit‘nts for variety nariu'd i 


Variables paired 

Mexican 

128 

(^iker- 

Cleveland 

884-4 

Farm Relief 
No. J 

Acala 4067 

Rowdiui 40 

Density of fiber population and avenigc 






fiber length .. 

6. 078(1 

0. 1164 

-0. 1528 

0. '^iOO 

0. 2354 

Density of fiber iiopiilation and average 
fiber weight per Inch 

**-.6745 

**-.7089 

**-.6K(M) 

**-. 6978 

** -. 5413 

Density of fiber population and average 
strength per fiber . 

**-. 5582 

**-.7152 

**-.0771 

**-.6215 

**-.4270 

Density of fiber iiofnilation and percentag<‘ 
of thin-walled filx'rs . . ... 

**. 7088 

*♦. 6;i61 

**. 7830 

•*, 7741 

•*. 6406 

DfMisity of fiber population and average fiber 
diameter . 

-. 1083 

-.0741 

. 2288 

. 0826 

. 2439 

Average fibf*r length and average fiber 
weight per inch .. 

**-.4106 

**-.385;i 

1562 

**-.4443 

- . 2495 

Average fiber length and averagi* fiber 
strength. . . 

~. 0732 

-. 0379 

. 0339 

*-.2548 

- . 0758 

Average fiber length and percentage of thin- 
walled libers 

. 1076 

. 1338 

. 0454 

**. 3467 

*, 2876 

Average fiber length and average fiber 
diameter.. .. 

**-.3433 

-. 18(H 

-.1702 

. 0705 

. 1.612 

Average fitier weight per inch and average 
fiber strength . . _ 

**. 6281 

**.7922 

*♦. 5728 

**. 7972 

•*. 3832 

Average fiber weight per inch and perwmt- 
age of thin-walled fibers 

**-,5019 

•*-. 7202 i 

*•-.7928 

**-.7725 

**-.4416 

Av(*rago fiber weight per inch and average 
fiber diameter . 

**. 3561 

. 2(MX} 

-. 0743 

. 1539 

. 0985 

Average fiber .strength and percentage of 
th i n -walled fl hers 

**-. 5831 

*•-. 73(K) 

**-. 5754 

**-.7751 

**-.7717 

Average fiber strength and avt^age diam- 
eter. 

.08,56 

.1187 

*-.2955 

0636 

-.0144 

Percentage of thin-walled fibers and aver- 
age diameter ... 

-.0001 

0744 

*. 2585 

.0109 

*. 2740 


J n'-m regions. - 2 « 58 degrees of freedom for eacth variety. *siginficant values; •♦higlily significant values, 
Significance in this and all other correlation tables of this paper is based upon the required values given by 
Wallace, H. A., and Snkdecor, George W. correlation anp machine calculation. Rev. by G. W. 
Snedecor. Iowa State Col. Off. Pub. 30, No. 4, 71 pp., illus. 1031. (See table 16.) 

The correlation coefficients in table 40 for the relation of average 
fiber length to average fiber weight per inch arc all negative, but are 
significant in only three varieties; namely, Mexican 128, Coker- 
Cleveland 884-4, and Acala 4067. The valutas show tliat the correla- 
tion of the average fiber length with the average fiber strength is 
significant in only one variety, Acala 4067, for which the value is also 
negative. The values for the relationship of average fiber length to 
the percentage of thin -walled fibers are all positive, but they are signifi- 
cant in only two varieties; namely, Alcala 4067 and Rowden 40. Tlu^ 
correlation of average fiber length with average fiber diameter is 
significant in only one variety, Mexican 128, for which it is negative. 
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The coefficients for the relationship of average fiber wtught and 
average fiber strength in table 40 are all positive and highly significant. 
The values for the corrcdation of fiber weight with the percentage of 
thin-walled fibers are negativti and highly significant for each variety. 
The values indicate that the correlation of fiber weight with fiber 
diameter is significant in oidy one variety, Mexican 128, for which it 
is positive. 

The values in table 40 show a highly significant and negative corre- 
lation of averages fiber strength with the percentage of thin-walled 
fibers in each variety. The correlation of fiber strength and av(a-age 
fiber diameter is significant in only one variety, Farm Relief No. 1, 
in which the association is negative. 

The coefficients given in table 40 for the relation of the percentage 
of thin-walled fibers to tlu'- average fibtii* diameder ar(» significant in 
only two varieties, Farm Relief No. 1 and Rowden 40. Tin* asso- 
ciation is positive. 

SIMPLE AND PAUTIAL CORRELATIONS FOR THE ENTIRE EXPERIMENT 

Simple and partial correlations of the fiber characters by regions on 
the cottonsecnl and also by plants, or secnls, are shown for tin*. (*.ntir(* 
exp('rim(‘nt in table 41. 


(Correlations by Regions 

The corr(*lation coefficients calculated for any (‘haracter from the 
300 r(*gions on the 50 seeds of the five cotton varieties (fi regions X 50 
seeds — 800 regions) ar(* based upon difterences between regions witliin 
s(*(*ds and also betwec'u regions of s(*eds, or plants. The values in 
table 41 calculat(*d from 3()0 n^gions [ire ther(*fore not indep(*ndcnt of 
the position of the fibers on the seed coat. The simiile and partial 
corr('lations calculated from the data of 300 regions and shown in 
tabh* 41 indicat(* the following relationships: 

(1) The simple association of fiber population with average fiber 
length is not significant, while the partial association is significant and 
negative. As density of fib(*r population increase's, fiber length de- 
cr(*ases when the other characters, fiber wi'iglit, fiber strength, pe'i- 
centage of thin-walliMl fibers, and fiber diameter, are held constant. 
The simple and partial v^alues for the* relationshij) of fiber population 
with average fiber weight inch, oi* unit W(*ight, and also with 
av(*rage breaking load, or strength, jier fiber are very significant and 
also negative. Positive and higlily significant v^aliu's are recorded for 
the simide and partial coiT(*la.tions of fiber population with the per- 
centage of thin-walled fibers; that is, an incr(*ase in density of fiber 
population is associated with an incnaise in the i)erc(*ntage of thin- 
walled fib(';rs. The simple and partial values for the association of 
fib(*r population with averagi* fiber diameter are not signifi<‘ant. 

(2) The simple and jiartial values indicate a negative and very real 
correlation of averages fiber h»ngth with fiber W(*ight per inch. The 
simple correlation of fiber length with fiber strength is significant with 
a negative value, while the partial relationship is not significant. 
Neither the simple nor the partial value for the relation of fiber length 
and the percimtage of thin-walled fibers is significant. The coefficient 
for the simph^ correlation of fiber length and diameter is not considered 
significant, but the partial value for this relationship is positive and 
highly significant. 
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Table 4J. — Simple and partial correlations of density of fiber population^ fiber 
lengthy fiber weighty fiber strength^ percentage of thin-walled fibers^ and fiber diameter 
for the entire experiment including all five varieties of cotton 


Simj)l(* order subscript ‘ 

Simple correlation 
coellieionts * 

Partial order 
subscript 

Partial order coelficients 

By regions 
(7i'«3{X)) 8 

By plants, 
or st'cds 
(»"=.50) < 

By repious 
(«'=,3IK1) 3 

By plants, 
or seeds 
(7p = .50)« 

12 

0.0515 

*-0.2936 

12. 3456 

*- 0 . 12:15 

*-0.3071 

13 

**-.6312 

*-.2827 

1.124.56 

•* -. 3:173 

-. 1895 

14-.,. 

**-.5662 

-. 2276 

14. 2.356 

**-. 1798 

-. 17.50 

15- 

*♦.6601 

.2643 

15. 2346 

•*. 3661 

.2081 

Jfi... 

-.0138 

**-.4310 

16. 2345 

.04.37 

-.2440 

23 - 

**-.2.561 

-. 2455 

2J1. 1456 

**-.:i022 

**-.4237 

24 . 

*-.1245 

-. HUM 

24. 13.56 

-.0221 

-.2654 

25__ - 

. 0762 

1006 

25. 1346 

-.0710 

-.12.50 

26 

.0811 

. 1864 

26. 1:345 

**. 1664 

. 284.5 

34 - 

**.5874 

. 1730 

34. 12.56 

**. 20(KJ 

-.06(K) 

35 , 

**-.,5924 

-. 1143 

.35. 1246 

**-.2.562 

-. 1 . 3:10 

36_..- 

**. 1801 

**. 4544 

36. 1245 

•*.2975 

**. 4.5,32 

45 

**-.5799 

-. 1860 

45. 1236 

**-.2473 

-. 17.30 

46 

.0311 

.2105 

46. 12:35 

-.(K117 

. 18(X1 

56 

.0824 

-. (K).58 

56. 1234 

•*. 2037 

. 1940 


1 l»=(lcnsity of fiber population; 2=avt‘rago fiber length; 3=avcrage fiber weight per inch; 4=®average 
breaking load iior fiber; 5= percentage of thin-walled fibers; 6=average fiber diameter. 

* *Significant value: **highly significant value. 

s n'=300 regions. ??/— 2- 298 d<‘grees of freedom for each simple value, n'— (»=29'1 degrees of freedom for 
each partial value. 

* 7i'= 50 plants, or seeds. n'“-2«48 degrees of freedom for each simple value, n'— 0=44 degrees of freedom 
for each partial value. 

(3) The simple correlation of average fiber weight with average 
fiber strength is positiv(‘ and very significant, and tlu^ same is true of 
the partial relationship. Negative and highly significant simple and 
partial coefficients arc shown for the relation of fiber weight and the 
percentage of thiri-walled fibers. Positive and very significant simph' 
and partial values are noted for the correlation of fiber weight and 
average fiber diameter. 

(4) Negative and highly significant simple and partial correlations 
are recorded for the association of average fiber strength and the 
percentage of thin-walled fibers. Simple and partial values for the 
relationship of fiber strength and fiber diameter are not considered 
significant. 

(5) The value for the simple correlation of the percentage of thin- 
walled fibers with average fiber diameter is not noted as significant, 
while the partial value is positive and very real. 

COBRELATIONS BT PlANTB, OR SeEDS 

The mean value of any fiber character for a cottonseed, or plant, 
was obtained by summing the values of the six regions and then divid- 
ing the total by six. This mean value represents the average value of 
the six regions but docs not necessarily represent the true average of 
any of the fiber characters on any one seed, or plant. The correlation 
coefficients in table 41 have been calculated from 50 plant, or seed, 
means for each character, and therefore the influence of position on 
the seed upon any fiber cliaracter has been eliminated in the correla- 
tion values. The calculations are based upon differences between 
plants within varieties and also upon differences between plants of 
different varieties, and not upon differences between regions, or 
positions. The simple and partial correlation coefficients calculated 
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from the mean values of 50 plants, or seeds, and presented in table 41 
point to the following relationships: 

(1) The association of fiber population and fiber length is indicated 
by significant and negative values for both the simple and the partial 
orders. The simple correlation value for the relation of fiber popula- 
tion to unit fib(T weight is significant and negative, while the partial 
value is not indicated as significant. The simple and partial values 
for the association of fib(»r population with fiber strength and also 
with the percentage of thin-walled fibers do not appear to be signifi- 
cant. The simple correlation of fiber population and fiber diameter 
is highly significant and negative, but the partial value is not recorded 
as significant. 

(2) Th(‘ total correlation of fiber huigth with unit fiber weught is not 
significant, but a highly significant and negative valiK* is indicated for 
the partial order. None of the simple or f)artial order values are 
significant for the correlation of fiber length with (Uther fiber strength 
or percentage of thin-walled fibers. The sim])h‘ association of fiber 
huigtli and fiber diameter does not appear to be significant, and the 
partial value is not significant. 

(3) The simple and partial valuers do not indicate a significant 
conelation of fiber weight with cuther fiber strength or percentage of 
thin-walled fibers. The association of fiber weight and fibtT diameter 
is positives and v(*ry real in both the simple and the partial relationships. 

(4) No significant relationship of fiben streaigth with either the 
pe'rce'iitage of thin-walled fibers e)r the fiber diameter is indicated by 
the simple and partial value's. 

(5) The sim])ie and partial oreler values ele) not indicate a significant 
asse)ciatie)n of the pe'rcentage of thin-walleel fiben*s anel fiber eliameder. 

DISCUSSION 

The results pre'seniteel show' that for each of the five varie tie's the' 
po])ulation of re'gion 1 (w hich includes the' e'halazal area at the basal 
e'lid of the seed) is significantly dense>r than that, of any other re'gion. 
The' mean fiber pe)pulation fen* each of the' six regions (se'e* fig. 1 ) 
stueiieel indicates that the varieties are some'what similar in the elis- 
tribution of fiber population, in that density is highe'st at the chalazal 
re'gion and gradually bee'omes h'ss as the raphe' and the micropylar end 
of the! se!ed are approach eel. The mean fib(*r j)opulation for re'gions, 
or punch areas, of the' whole' e'.xperiinent indicates that the population 
of re'gion 1 is significantly elenser than that of any other region; that 
the population of region 3 is significantly denser than that of re'gions 4, 
5, and 6; tliat the! population of region 2 is significantly denser than 
that of regions 4 and 6; and that the! population of region 5 is signifi- 
cantly de!nse>r than that of regiem 4. There is apparently a tende'ncy 
for tlie fiber population to de'crease in going from the chalazal area 
tow^ard the micropylar, or apical, end of the! seed; and the population 
also appe*ars to decrease in a horizontal direction (se'e' fig. 1) in geiing 
from regions 3, 5, and 0, toward the raphe. In order to compare 
these results with those of previous work, the fiber-population means 
per region, or puncli area, in table 32 have been divided by the area 
per region, 3.567 mm.^ and are presented in table 42, along wdth 
data previously obtained. 
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Table 42. — The fiber distribution of the entire experiment as compared with that 
obtained from previous data 

OBSERVED VALUES 


Source* of (lata and average fiber population per 
sQUan* millimeter of seed-coat surface 


Region No.J 

Entire experi- 
ment consisting 
of 5 varieties 
(1937 crop) 

20 naked * seeds 
from 20 [fiants 
(1924 crov)) * 

4 .seeds * from 4 
plants 01124 
crop) * 

1 

409 

175 

210 

2 . 

117 

57 

81 

3 

142 

04 

32 

110 

4 , 

71 

47 

5 , 

98 

43 

78 

0 

81 

10 

49 



VALUE 


Kind of comparison 

V'alue of X ® 

Value of p 

Odds 

Columns 2 and 3 from above . . 

8. 12 

0. 087847 

10 to 1 

Columns 2 and 4 from above 

20. 07 

. 000257 

3,890 to I 


1 regions. Then n for value of P in Elderton’s table (whore 5-1- ]=*<)) eciiials 5. 1 degree of 
freedom wa.s used in the classification for the 6 n-gions . (See reference given in footnote !.o table 39, p. 293.) 

* No fuzz on seeds and also a sf)arse fiber jwpulation. 

» See footnote, 250. 

♦ Fuzzy tip and base and .sparse fuzz on middle part of seed. Normal fiber population. 

Tho values for goodness of fit in table 42 show that there is fair 
agreement for the fiber distributions of the pr(>sent results with the 
data obtained on fuzzless seeds. The agreeintTit is poor, howev(>r, 
when the present data are compared with results from seeds having 
dense fuzz on the tip and base and sparse fuzz on the middle portion of 
the seed coat. The data in columns 2, 3, and 4 show a similarity in 
the three sets of data; namely, in each case the population is densest 
on region 1 and tends gradually to decrease in areas toward the 
micropylar end and the raphe of the seed. 

The average fiber length of regions for the whole experiment 
indicates that the length irom basal rt^gions (1, 2, and 3) is greater 
than the length of regions (4, 5, and 6) near the apical, or pointed, 
end of the seed. This agrees with the report made by Koshal and 
Ahmad on Surat and Indian Standard cottons. They state that 
the incajU fiber length at the base of the seed is significantly longer 
than that at the apex of the seed. 

The average fiber weight by varieties and for the whole experiment 
sliows that the weight per inch of fibers from region 1 is much lightfu* 
that that from any other region. The results from the same source 
also indicate a lower fiber weight for the basal area (n^gions 1, 2, and 
3) than for the area (regions 3, 4, and 5) near the ap(‘x, or tip, of the 
seed. Such conclusions are also similar to those published by Koshal 
and Alimad, who report that the mean fiber weight per unit of length 
is significantly higher for the apical than for the basal fibers. Camp- 
bell also found that the percentage of undeveloped fibers (having 
thin walls and relatively light weight) is highest at the basal end of the 
seed, becoming lower as the pointed end is approached. 

See footnote 2. 

1® See footnote 4. 

1 * See footnote 3. 
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Within each of the fiv(^ varieties and for tlie entire experiment, the 
average breaking load of fibers from the basal i)art of th(» seed is 
significantly lower than tliat of fibers from tln^ apical portion of the 
seed. Witiiin varieties (with the exception of Kowden 40) and for 
the whole experiment, the average breaking load of fibers from region 1 
is significantly less than that of any other region. Similar results are 
reported by Koshal and Ahmad, who mt^asured the breaking load of 
single fibers at and near the chalazal region and also at the apical end 
of the seed and who state that the mean fiber strength is significantly 
higher for the apical than for the basal fibers in Surat and Indian 
Standard cottons. 

Within varieties and also for tho entiri' experimc'nt tlu' percentage 
of thin-walled fibers is much higluT on region 1 than on any other 
region. For the (mtirc* experiment the percent a g(^ of thin-wall(Hl 
fibers is significantly higher on the basal end of the seed than on the 
u])i(‘al end ; and within varietic's the condition is similar. Transections 
of matures cotton fibers from regions 1 and 0 of a cotton seed are shown 
in plate 1 . It will be notcHl that the thin-walh^d fibiTS are predominant 
in region 1 and wry scar(*.(‘ in region 0. Campbell has already be(*n 
cj noted in th(> discussion of fiber weight. 

Significant diff(‘rences in fiber diameter between n^gions on th(' seed 
coat within varieties are recorded for only two varieties, Acala 4067 
and Mexican 128. For the entire experiment the results indicate no 
significant differences in the av(^rage filxa* diameder between rc'gions 
on th(^ seed coat. '^Phe (hdailed records on file point to the fact that 
variability in the fiber diameter of tin' five cotton varieties is due 
mostly to variability within rc'gions. 

Th('. distribution of (‘ach of the six fiber characters on th(‘ cotton- 
S(x^d has been discussed and cornpanHl with previous data, but no 
reasons have' been advanced to explain tlu^ distributions. Wliy is the 
fiber population dc'ust'r on the basal surface of the seed, ('specially in 
th(* chalazal arc'a, than on surface's neare'r the raphe and the tip, or 
micro])ylar e'lid? Tin' fibe'i* population on tlu' see'el coat of nak('d see'd 
and othe'i* typ('s was j)re*viously determine'd by the' author, who also 
niaele studie's re'lative to the v^e'nation of the' S(*('d coat. A conclusion 
was reaedu'd that the venation of the see'd coat was relativc'ly sparse 
in the ar('as bordering each side of the tip half of the raphc' and that a 
re'latively low fibe'r population occurre'd in sueh areas. Tlu' venation 
irattern may ho re'lateHl to the supply of food anerthus to the varia- 
bility e)f dernsity of population; but, since density of population and 
unit weight are invecsedy corre*lated, there is not mue'h, if any, evidence 
for the first relationship. The fiber population in American upland 
(otton types is determined within about 3 days (counting the date of 
flowering as the first day); the maximum fiber diameti'r is probably 
attained by the third day, and the full fiber length is ri'achecl in from 
17 to 20 days, after wduch growth of the secmidary wall begins and 
continues for an indefinite number of days until it is completed. It 
does not seem that differc'ncc^s in the available food supply would 
affect the density of fiber population, since it is likc'ly that there is 
sufB(^ient food available at any location on the seed coat for th(> pro- 
duction of hair initials. Another question might also be asked. Why 
are the longc'r, weaker, and lighter fibc'rs (per unit of h'ngth) with a 
relatively high percentage of thin walls on the basal surface of the 
seed? 't'he available food supply as affected by variation in venation 
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does not answer this question. Tlic relatiy(‘ly shorter fibers near the 
tip end of the seed are also heavier per unit of length, and it is prob- 
able that much more food is used for cell thickening than for elonga- 
tion. Since the fibers at and near the apex of the seed coat are 
heavier, they also have thicker cellulose*, walls and are stronger. 

It is conceivable that the very low relative fiber weight of region 1, 
which includes the chalazal area, is related to the loose arrangement 
of cells under the epid('rmal layer. That is, there is an appreciable 
area of spac(' between the cells (pi. 2), and as a result transportation 
of foods to the chalazal area may be adversely affected. vSince this 
region also has a high population, the limited food supply may not 
be sufficient for the normal wall development of all the fibers. Such 
a condition could be responsible for the relatively low fiber wt>ight, 
relatively low fiber strength, and relatively high percentage of thin- 
walled fibers of region 1. No satisfactory explanation can be given 
to answer the two questions that have been raised. It is probable 
that inherent factors and physiology both play an important role in 
determining the distribution of fiber population, length, unit weight, 
strength, i^ercentage of thin-walled fibers, and diameter. 

Differences between plants and also between varieties in the distri- 
bution of fiber population, length, unit weight, strength, percentage 
of thin-walled fibers, and diameter are probably inlu'rent. 

SUMMARY AND CONCLUSIONS 

The distribution and relation of fiber population, length, breaking 
load, weight, diameter, and percentage of thin-walled fibers on tlie 
cottonseed were measured in the 1937 crop of five varieties of Ameri- 
can upland cotton (Gossypiurn hirsuturn L.). Six regions, or punch 
areas, numbered one to six, were studied on each seed. Ten seeds 
from ten plants of each variety were investigated. 

Analysis of variance was applied to the data for each variety and 
also to the data for the entire experiment. Simple correlation coeffi- 
cients were calculated to show the relationship of the six fiber charac- 
ters one to another within varieties, and both simple and partial 
correlation values were obtained to indicate their relationship for the 
entire experiment by regions, or punch areas, and also by seeds, or 
plants. 

The fiber population is densest at and near the chalazal area of the 
seed and becomes thinner downward toward the micropylar end and 
outward toward the raphe. Goodness of fit between the five varieties 
for the fiber population of the six regions shows that no two varieti(*s 
are alike in the fiber distribution. 

The results from the whole experiment indicate that fibers on the 
basal end of the seed are lighter, thinner, weaker, and longer than 
those on the apical or micropylar end. 

Varieties significantly affect the population, diameter, and per- 
centage of thin-walled fibers of regions. 

There are real differences between varieties in the means of fiber 
population, length, breaking load, diameter, and percentage of thin- 
wailed fibers. 

The results obtained should serve as stepping stones to further 
progress in cotton-breeding and production work. Plants (as repre- 
sented by one seed) within a variety show differences among them- 
selves relative to fiber length, unit fiber weight, fiber strength, fiber 
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diameter, and percentage of thin-walled fibers — that is, regional dif- 
ferences. Some plants are more uniform than others. In the five 
varieties studied, however, it seems that the variation of fiber length 
and diameter on the seed is due mostly to variability within regions. 
This indicates that sc^lcctioii of plants for uniformity of length and 
diameter should be largely on the basis of uniformity of the whole 
fiber population of tlie seed witliout especial regard to rtgionai differ- 
ences. It appears that the breeder may be abl(> to select plants which 
show a relatively low amount of variation in fibcT weight, fiber 
strength, and i)ercentage of thin-walled fibers betw(H'n ri'gions on the 
seed and tlius (Jiminate some of the variability in these properties. 

The presciiit paper suggests possibilities in cotton improviunent 
work; yet it, along with rt'cords on file, also indicates that there is 
probably consid(*rable variation Ix^twecm regions in the fiber popula- 
tion, fiber hmgth, unit fiber weight, fiber strength, and percentage of 
thin-wall(Hl fibers on single' seeds of the five improve*el cotte)n varie'ties, 
indicating that the imife)rmity e)f a variety in any of these' characte'rs 
is limited by the variMbility fe)iinel e)n the seeel. Significant diffe're'nces 
betwe'en varieties in the distribution and means of fibe'i* population, 
length, stre'ngth, perce'iitage of thin-walleel fibe'rs, ane) eliamete'r are 
probably inherent. Diffe're'nce'S betwee'ii varie'tie's in fibe'r le'ngth are 
of some value in varietal classification, anel it is conceivable' that diff- 
erences betwe'en the'in in the' distribution of fiber population may lu'lp 
in taxonomic classification. 

The simple correlation within varietie's of ele'iisity eif fibe'r peipula- 
tion witl) average fiber we'ight pc'i* inch, with ave'rage' stre'ngth per 
fibe'r, anel with the pe'rcentage of thin-walleel fibe'rs is very significant 
and striking in e'ach varie'ty; and an incre'asing fibe'r population is 
thus associateel with a ele'civasing fibe'r we'ight and fibe'r stre'ngth and 
with an increasing pe'rcentage^ of thin-walle'el fibe'rs. Within each 
variety the simple corre'lations indicate a ve'iy consiste'nt assoedation 
of ave'rage fibe>r we'ight per inch with average stre'ngth peT fiber anel 
also with the' ave'rage fie'rce'ntage eif thin-walled fibe'rs. An increasing 
fibe*r we'ight is correlate'd with an ine'reasing fiber strength anel with a 
de'creasing pe»rce*ntage' of thin-walle'el fibe'rs. All the'se' re'latiem ships, 
although not inelependent of the position of the' fibe'rs ein the seeel 
anel the othe'r fibe'r characte'rs involved, appe'ar to have se)me' signifi- 
cance'. For instance, sele'ction foi* a de'iise'r fiber population she)uld 
also lowe'i* both the' fibe'r we'ight anel the fibe'r stre'ngth and shemld 
raise the perce'iitage e)f thin-walle'el fibe'rs. Se'le'ction feir a higher 
fibe'r wedght per incdi shoulel raise the fibe'r stre'ngth anel lowe'r the 
pe'rcentage of thin-walled fibers. The simple correlation of average 
strength pe'r fibe'r with the perce'ntage of thin-walleel fibe'rs is ve'ry 
cemsistent anel significant within euich varie'ty, wliere' an increasing 
fiber strength is associated with a decreasing pe'rce'ntage^ of thin-walled 
fibe'rs. 

The simple and partial corre'lations by rergions for the e'ntire experi- 
ment of elensity of fiber population with average', fibe'r we'ight pe'r iru'Ji, 
with ave'rage stre'ngth ptu* fibe'r, anel with the pe^rcentage' of thin- 
walled fibers are similar in eacli relationship to the'- simple values 
within varieties; that is, an incremsing population is asosciateel with 
a decreasing fiber weight and fiber stre'ngth anel with an increasing 
percentage of thin-wallexl fibers. For iho. entire e'xperime'nt by regions 
the total, or simple, con-edation of fibe'r population with fiber length 
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does not appear to be s^nificant, while the partial value is sigjnificant 
and negative; that is, with fiber weight, strength, diameter, and the 
percentage of thin-walled fibers held constant, an increasing fiber 
population is associated with a decreasing fiber length. The partial 
relationships discussed in this paragraph are not independent of the 
position of fibers upon the seed; however, it appears that selection 
on the cottonseed for a higher population should decrease fiber 
length, weight, and strength and increase the percentage of thin- 
walled fibers. For the whole experiment by regions there is a real 
negative association of average fiber length with average fiber weight 
per inch in both the total and the partial orders; the former fiber 
character shows a significant and negative simple association with 
average strength per fiber, but the partial value is very small and not 
significant; and independent of all other fiber characters there is 
pt^rhaps a positive association of fiber length with average fiber 
diamete^r. Raising the fiber length should therefore theoretically 
increase fibcT diameter and low'or fiber weight. For the entire experi- 
ment by regions average fiber weight per inch appears to be corrtv 
lated with average strength per fiber, with the percentage of thin- 
walled fibers, and with average fiber diameter in both the simple and 
the partial orders; that is, as fiber weight goes up, fiber strength and 
diameter increase and the percentage, of thin-walled fibers decreases. 
As average strength per fiber for the whole experiment by regions 
increases, the percentage of thin-walled fibers goes down in both the 
simple and tlui partial orders; and an increase in the percentage of 
thin-walled fibers is associated with a larger fiber diameter in the 
partial relationship. 

In a general way the total and partial-order correlations for the 
complete experiment by plants, or seeds, are similar to those for the 
entire experiment by regions, expecially as to signs; but relatively 
few of the values are significant. This might be expected since there 
are only 50 plants, whereas there are 300 regions. For the entire 
experiment by plants (where each plant, or seed, is an average of 
the 6 regions and where the differences are between plants and not 
between regions, or position) density of fiber population is negatively 
associated with average fiber length in both the simple and tlie partial 
orders, and a negative relationship is also noted for the simple asso- 
ciation of fiber population with average fiber weight and with average 
fiber diameter. The entire experiment by plants indicates that inde- 
pendent of all other fiber characters, average fiber length is negatively 
associated with average fiber weight per inch and that average fiber 
weight is positively associated with average fiber diameter. Selection 
of plants, or seeds, for higher population should lower the fiber length; 
selection of plants for longer fiber length should lower fiber weight; 
and selection for higher fiber weight should raise fiber diameter. 



RELATION OF DIET OF SWINE TO DEVELOPMENT OF 
LOCOMOTOR INCOORDINATION RESULTING FROM 
NERVE DEGENERATION ' 


Jiy N. R. Ellis, aenior cfurmistj and J*. L. Madsen, nutritionist, Animal Nutritiori 

Division, Bureau of Animal Industry, United States Department of Agriculture 

INTRODUCTION 

A iroublcsomo locomotor disorder among pigs, manifcst(*d by in- 
coordination in tli(^ iiso of the legs, abnormal posture, and lameness, 
which has been of common occurrence in the Bureau’s herd at the 
United States Department of Agriculture, Bcltsville Kesearch Center, 
Beltsville, Md., was described in an earlier paper (jf).* The obs(U‘va- 
tions there i-eported suggested both diet and breeding as possible 
causative factors, particularly among pigs confined in small pens and 
fed in record-of-performanc(‘ tests. The role of breeding was suggested 
by the high incidenc(^ of lameness among inbred litters, and some 
significance was placed on the abnormally low fret^-choiee intake of 
calcium- and phosphorus-ricli components of th(' di(‘t. 

Although a lack of (*ither vitamin A or vitamin 1) is rc'cognized as 
causing chatactcuistic. types of lameness and paralysis, tlur disorder 
apparently persisttnl under a n^gimen considered adequate', in these 
vitiunins for growing and fattening pigs. It appeare'-d that if the 
disease were', of die'tary origin, the cause was possibly an obscure 
elerangement e)f calcium and phosjdiorus m('tabe)iism or sul)e)j)timum 
leveds of an unknown vitamin or vitaminlike factor in the stock elict. 
An infection of swine erysipelas in the herd was also ce)nside*re'd as a 
possible complicating factor since a small proportion of the growing 
pigs had swollen joints and other symptoms of this disease, wdiicli also 
occasionally resulted in lameness. However, no cemsistent gross 
lesions of the bones or joints, othe^r than some possibly due to injury, 
were detectcul in the animals suff taring from the type of incoordination 
under investigation. 

Further study of the ju-oblem was accordingly undertaken along 
the following lines: Det(',rmination of th('- effects of minernl ('lennuits 
in the diet; search for easily available feculs for use as sui)plements or 
replaccunents in the stock diet which would completely prevent or 
cure the disease; and, in ordcu- to facilitate the identification of the 
deficiency factor, the formulation of an experimental diet or diets 
capable of producing the symptoms. Control of the liiu's of I)re('.ding 
of the animals used in experimental lots and of the incidences of erysip- 
elas was coordinated with the dietary treatments. The results 
obtained are reported in this paper. 

REVIEW OF LITERATURE 

A disease characterized by posterior paralysis and incoordination of 
movement was described by Welirbein (7) of the Iowa State College 

* Heceivod for publication July 11, 1940. 

3 Italic numbers in parenthe.sis refer to Literature Cited, p. 316. 
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of Agriculture in 1916. Degeneration of the myelin sheath and of the 
brachial and sciatic nerves was observed. Efforts to demonstrate 
pathogenic organisms faih^d. In more rc'cent years, Eveleth and 
Biester (^), also of the Iowa State Colh^ge, have continued the work 
and have reviewed the reports of other investigators from the stand- 
point of the possible involvement of vitamin A and of the vitamin B 
complex in the nerve degeneration in various species. The complexity 
of the problem is evidenced by the conclusions of the Iowa investiga- 
tors, which indicate that the incoordination and myelin degeneration 
in the nervous systems of swine are not necessarily associated in all 
cas(‘s and that neither vitamin A nor the vitamin B complex is re- 
sponsible for the myelin degeneration. 

In work on young pigs hnl artificial diets, Wintrobe, Mitchell, and 
Kolb (7) observed poor growth, marked ataxia, and severe nerve and 
spinal-cord d(‘generation when the content of yeast was gradually 
reduced and thiamin and riboflavin substituted in iho j-ation. In 
work at the Beltsville Kesearch Center (6) on the vitamin Bi require- 
ment of young swine, nerve and spinal-(*.ord degeneration have also 
been encountered in animals fed autoclaved diets with and without 
the addition of thiamin. 

Tlie observations of Hogan and coworkers (S) are also of interest 
because of their j’elation to sows and suckling pigs and because tlui 
d(‘V('lopment of the abnormal gait seemed to depend on sudden changes 
in the nutritive value of one or more constituents of the diet. These 
investigators reported serious losses during certain years in the pig 
crop, wh(»r(*as in others the disease was mild in form or absent. 

Hughes (4) has worked with purified diets in which the componc^nts 
of iho vitamin B complex were varied. He observed marked lameness 
in pigs f(Ki a diet low in riboflavin, although other groups on riboflavin- 
rich clients that were in turn low in thiamin, nicotinic acid, or other 
fractions of the B complex were* not free of lame pip. 

Besides th(»se reports, information in the possession of the Bureau, 
including communications from a number of workers at various State 
pperiment stations, indicates that the disorder is of serious economic 
importance and is more prevalent in some years than in others. 

EXPERIMENTAL PROCEDURE 

Beginning with the spring farrow of 1937 and continuing through 
the spring farrow of 1939, groups of pigs were fed in concrete-floored 
pens under essentially the same conditions as those prevailing in 
record-of-performance tests except for dietary differences. Two 
expe^riments, one with spring and the other with fall pigs, were con- 
ducted each year. In the earlier experiments, the number of lots 
was restricted to six, and litters containing at least six pigs were 
utilized in order to provide litter mates in each lot. These litters 
were selected so far as possible from inbred stock which had shown a 
predisposition toward lameness, in an attempt to accentuate the 
effects of the various diets either in completely protecting against or 
in intensifying the symptoms. After 1937, this inbred stock became 
so depleted in the herd that it was not possible to continue this pro- 
cedure. In the more recent experiments, it has been necessary also 
to depart somewhat from the use of complete litter-mate groups and 
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to select closely related pigs of similar ag(% sex, and weight. The 
pigs were generally placed on experiment at 10 to 12 weeks of age. 

The diets were prt^pared from the general supply of feeds purchased 
for use in swine feeding at BiJtsville. The stock diet consisted of 
No. 2 y(‘llow corn, digester tankage of 60 percent protein content, 
linseed m(‘al, alfalfa-h'af meal made from sun-cured hay, and a mineral 
mixture. This mineral mixture consisted of ground limestone, 50 
percent; steamed bonemeal, 27.97 percent; common salt, 20 percent; 
iron oxide, 2 percent; potassium iodide, 0.02 percent; and copper sul- 
fate, 0.01 ixTcent. This mixture constitutiHl 0.8 to 1.0 pcnrent of the 
stock diet. Tlu' supjilemental or replaciunc'nt hx'ds were varied, being 
chosiMi Ix'causi* of know^n or suppos(‘d mimu’al, vitamin, or protein 
value and as contr'asting f(x*<ls for ri'pla/x'ment of the corn, tankage, 
linsi'cd meal, or alfalfa-h'af meal. 

Th(‘ diets w(‘re adjusted, thi‘ough changes in quantiti(»s of (‘crn or 
otlxT C(‘r(‘al and tankag(\, or its substitute, to furnish approximately 
18 p(‘rc(‘nt of pj‘ot(‘in to pigs betw(‘(Mi the weights of 40 and 100 pourxJs, 
15 j)i‘Tcent to tliosc* b(‘tw(*('ii tlx^ w(4ghls of 100 arxl 160 pounds, aixl 
12 percent to those* with w^eiglits of more than 160 pounds. Whenev(*r 
linseed and alfalfa-leaf meals were used, tli(‘y g(*n(‘rally constituted 
5 ])ercent of the diet of t he pigs in the lowrest w^t'ight group, 4 percent 
of that of the middle group, and 3 percent of that of the highest 
weight group. 

The diets fed w^ere grouped in five series and are showui in table 1. 
In series A, particular attention was given to tlx' (‘ffect of miiK'rals oh 
tlx‘ production of lameness. As showui in the table, group 2 re(?eived 
a low miiK'ral (li(‘t, arxl group 8 r(‘ceived a supplement of manganese 
cliloridc^ Oats w^erc* uscxl in group 6 in part because of their relatively 
high mangaix'se content. Oroiip 5 was givcui ac(*(^ss to a small un- 
paved ariMi of natural clay soil free of V(*getation to det(*rmiix> wdiether 
the lacking element or elements in the diet could be obtaiixal from the 
soil. Skim milk, grecMi foi age, arxl liver wei'e fed in pai-t for tlxar min- 
eral contruitbut more' in a search for a natural feed thatw^ould be con- 
sistently prot(*clive against tlx‘ disease. Tlx' green forage consistixl of 
both freshly cut grex'u soybeans and alfalfa. It was estimat(*d that 
the (piantity fed corresponded to approximat(*ly 5 percent of the dry 
forage in the diet. 

In srah^s B, the us(> of corn-gluten meal in jrhx'e of tankage* and 
alfalfa-l(*af and linseed meals was prompted by the defi(*i(*ncy of the 
fii’st-named feed in i-iboflavin, as indicatenl by e'arly assays for vitamin 
(t, and the desii-e to detei’inine the possible role of riboflavin in the 
prevention of the disease. Oats were used in group 2 because of the 
favorable results obtained in series A. Livt‘r w^as us(*d in the Tx*xt 
group for its high riboflavin content and also for its iichix*ss in oth(>r 
members of the vitamin B complex. In one group molass(*s was also 
used for its richness in certain factors, including vitamin Br,. Casein, 
washed with acidulated water and extracted with alcohol, was added 
in one group to impi'ove the quality of protean mixtuj-e and as a con- 
trol on the other diets to which natural feeds were added. Fortified 
cod-liver oil was added to the diets of series B, as well as to those of 
series C and D, in order to provide an adequate supply of vitamins 
A and D in all rations regardless of composition and treatment. 
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Table 1 . — Experhnental set-up for the five series of tests 

SEHIES A- BASAL MIXTURE OF CORN. TANKAGE, ALFALFA-LEAF MEAL, AND 

LINSEED MEAL 


Pip 



Profior- 
tion of 

group 

No. 

Trials 

Pigs used in test 

basal 

mixture 

used 


Nuvihtr 


Percent 

1 

2 

Spring and fall J 

99.2 

2 

2 

do-- 

100 

.3 

2 

--- do _ 

100 

4 


Spring 

100 

r> 

1 

do . . . ^ 

99.2 

fi 

2 

Spring and fall 

70 

7 

1 

Fall - - 

97 

8 

1 

_do-- 

100 


Diet supplement or treatment 


Mineral mixture, 0.8 percent (stock control diet). 
None. 

5 pounds of skim milk per day. 

1 pound of Kreen forajte per day,* 

Same as group 1; pigs on earth runway. 

Oats, 30 percent. 

Dried pork liver, 3 percent . 

Manganese chloride, 72 p. p. rn. 


SERIES B -BASAL MIXTURE OF CORN, CORN-GLUTEN MEAL, MINERAL MIXTURE, 
AND FORTIFIED COD-LIVER OIL 


1 

1 

1 ' 

Spring 

1(X) 

2 

1 

do 

70 

3 

1 

do 

98 

4 

I 

. .do 

9.'i. r» 

5 

J 

do . . 

85 


None. 

Oats, 30 por(K*.nt. 

Dried pork liver, 2 percent . 
Casein, 4., 5 i.)erccnt. 
Molasses, ir) percent. 


SERIES C- BASAL MIXTURE OF TANKAGE, MINERAL MIXTURE, AND FORTIFIED 

COD-LIVER OIL 



2 

' Spring and fall - . 

13.1 

Corn, 80.9 i>crcent. 

2 

2 

i . . <lo ... 

13.1 ! 

Barley, 80.9 percent. 

3 

2 

j .....do .. . . ..... 

13.1 i 

Wheat, 80.9 percent. 


SERIES D-SIMFLE BASAL DIET OF (H>RN, TANKAGE, MINERAL MIXTURE, AND FOR- 
TIFIED COD-LIVER OIL OR STOCK CONTROL DIET OF ALFALFA-LEAF M EAL AND 
LINSEED MEAL ADDED TO SIMPLE BASAL DIET 


1 

3 

2 spring and J fall . . 

UN) 

Simple, unhealed (control). 

2 

3 

- do . 

i 100 

Stock, unheated icontrol). 

3 

2 

Spring and fall. 

1 100 

Simple, heated. 

4 

1 

Spring - . 

UK» 

Stock, heated. 

Simple, heated, supplemented by - 

h 

1 

Fall 

90 

Corn-gluten meal, 10 percent. 

0 

1 

do . 

97 

Dry liver, 3 j)erc!ent. 

7 

1 

do. 

90 

Rice bran, 10 percent. 

8 

1 

do 

92. 3 

Dried whey, 7.7 percent. 

Stock, heated, supplemented by - 

9 

1 i 

Spring . 

85. 3 

Dried wdiey, 14.7 percent. 

10 

1 

do 

85.3 

Whey concentrate, 14.7 percent. 

11 

1 

do. 

99 

Wheat-germ oil, 1 F)ercent. 


SERIES E CURATIVE TRIALS ON VARIOUS DIETS 


1 

1 

Fall , 

UK) 

Stock control, same as series 1), No. 2. 

2 


do . . . 

100 

Dried skim milk in place of tankage in series D, 
No. 2. 

3 

1 

..do.... 

too 

Animals fed with groups 1, 2, o, 7, and 8 in 
series A . 


I Alfalfa-leaf meal omitted from basal mixture. 


In series C, comparison was made of corn, barley, and wheat, when 
constituting a high percentage of the diet, for the prevention of 
lameness. 

In series D, the basal diet and a simplification of it, in which the 
linseed and alfalfa-leaf meals were omitted, were subjected to dry 
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heat at 115°“120° C, for 40 hours in the case of the former diet and 30 
hours in the latter. Poultry-nutrition studies have shown that a 
factor or factors essential for the nutrition of the chick are destroyed 
by the heat treatment. The dermatitis produced by the feeding of a 
heated diet has been cui'ed or prevented by the feeding of tlie vitamin 
B complex fraction designated as the filtrate fraction, and rt?c(uit work 
has been reported {5) on the protective properties of pantothenic acid. 
Apparently, thiamin, riboflavin, vitamin Bo, and possibly nicotinic 
acid arc not inactivated or destroyed by the heat treatment. At the 
time that the first trials on the feeding of heated diets were planned 
(1938), it seemed evident that the factors just named wen' also not 
involv(‘(l in the lameness derangement in pigs. In series D, as indi- 
cated in table 1, various supplements were used with the heated diets. 
The whey concentrate used in group 10 was ])repared in the labora- 
tories of the Bureau of Dairy Industry. In obtaining this product, 
whey from rennet-coagulated curd was evaporated and ajiproximately 
two-thirds of the lactose allowed to crystallize out. Cod-liver oil 
was added to all diets at the time that new supplic's of feed were placed 
in the self-feeders. 

In stories E, three groups of pigs are included that wove, segregated 
from the herd or from record-of-performan(*e lots after definite signs 
of lameness had developed and wen^ f('(l in an endeavor to d(*tcrmine 
whether cures or alleviation of symptoms could be obtained. One 
group receiv(?d the stock diet, another a modified stock diet in which 
dried skim milk replaced the tankage, and the third consisted of a 
litter of five pigs that had been distributed among 5 lots in series A. 

The pigs were kept on the test diets for periods of 12 to 24 weeks. 
As the experiments progressed, it was found that symptoms of lameness 
and incoordination were generally easily detected within a, 12-w(uik 
feeding period; consci^uently, the test period was shortened in later 
experiments. The mix(;d diets were self-fed and the consumption of 
each lot recorded. The pigs were weighed and examined weekly. A 
scoring system was set up by wliich to record the relative severity of the 
disease. Entire absence of symptoms was scored as 0; initial signs of 
lameness, as 1; more advanced lameness with tendency to weakness in 
pasterns and peculiar motion of rear legs, as 2 (fig. h A); definite 
incoordination shown by weaving motion and the throwing forward of 
the rear legs, also difficulty in rising and tendency to sit on tlie haunches, 
as 3; mai'ked symptoms of those enumerated as 3, in which the animal 
had great difTiculty in walking and frequently collapsed, as 4; and 
extreme paralysis, in which the animal was barely al>le to rise or to 
move about with the forelegs, as 5 (fig. 1, B). 

At the conclusion of the feeding period, the animals from most of 
the groups were slaughtered for laboratory studies. Samples taken 
included blood for erysipelas tests, (made by tlnj Pathological Divi- 
sion of the Bureau) ; also nerve and spinal cord tissue and the femur 
bones. 

A histological study of the sciatic nerve and spinal cord of approxi- 
mately 95 animals was made. Several peripheral nerves of the first 
few animals studied were sectioned for examination, but in the later 
work only the sciatic nerve and the spinal cord were taken for routine 
study since these tissues show the degeneration consistently when the 
other nerves are involved. The samples of nerve tissue were removed 
from the warm carcasses immediately after slaughter, and sections were 
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V. 






Figure 1. — Ay Pig showing incoordination in the use of the hind legs. By Pig 
with extreme paralysis, which developed while the animal was fed the heated 
diet No. 3 in series D. 

prepared for study by the Marchi method. This procediire consists in 
placing the fresh tissues in a solution of potassium dichromatc until 
the normal myelin is largely oxidized and then transferring to a water 
solution of osmium tetroxide and potassium dichromate to oxidize 
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PLATE 1 



A, Longitudinal scctit)n of the sciatic nerve from a typical animal with advanced 
locomotor incoordination showing massive demyclination of nerve fibers (black 
globular areas); /i, longitudinal section of the sciatic nerve from a normal 
animal showing intact myelinated fibers. 


Relation of Diet of Swine to Locomotor Incoordination 


PLATE 2 



Aj Longitudinal section of a dorsal column of spinal cord from a partially para^ 
lyzed pig showing degeneration of myelinated tracts; longitudinal section of 
a dorsal column of the spinal cord from a normal animal showing normal 
medulated fibers; C, cross section of A; D, cross section of B, 
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further the degenerated myelin and ordinary adipose tissue. Oxida- 
tion of the products of the degenerated myelin sheaths results in a 
deposition in these areas of a lower oxide from reduc.ecj osmium 
tetroxide, which is black in color. The tissues were emlx^ldtid in 
celloidin or paraffin, then cut and mounted in the usual way. The 
slides were either counterstained or examined directly for myelin 
degeneration, as shown by the globular black areas in plates 1 and 2. 
The al)sence, presence, and severity of myelin degeneration w(U*e scored 
on a numerical basis paralleling the metliod of scoring the live animals 
for lameness. 

Supplementary to the hog-feeding experiments, a numl)er of rat- 
feeding comparisons were made to determine the possible dietary 
(l(>ficiencics of tlu^ heated diets from the standpoint of rate of growth 
and feed utilization. 


EXPERIMENTAL RESULTS 

GROWTH OF PIGS AND INCIDENCE OF LAMENESS 

Table 2 shows the rc^sults obtained with the pigs on the various 
seri(is of diets. In seri(*s A, the animals in all eight groups griiw at 
normal rat(»-s and remained on the diets until most of tlnun weighed more 
than 2()() pounds. As shown in the table, every group contained at 
haist 1 affected animal. Of a total of 77 animals, 27 showed signs of 
lanKiiiess and incoordination. To a large extent, the cases were of a 
mild form. Perhaps the most striking result was the high incidence 
among the pigs fed green forage. The animals of this group (No. 4), 
like tiiose of group 2, did not receive a, mineral mixture, and the 
affected aniina Is in these two groups shownd a greater d egrei^ of lameness 
than those in any of the ot her groups. 

Oats and dried liver were reasonably effective supiilcments. Th(i 
former was fed as 80 percent of the diet, which is considered luair the 
maximum for the most efficitait utilization. 

Most of the animals used in seriiis A consisted of litters from the 
spring and fall farrows of 1987, many of wdiich were selected from the 
inbred stock sus])ect(Hl as being predisposed toward the development 
of lameness. The data indicate that litth'. was gained from the use of 
su(*h stock to accentuate the effects of ordinary diets on tlie incidence 
and severity of incoordination. This finding has been confirmed by 
subsequent results with pigs representing a large number of lines of 
breeding and showing a varying incidence of incoordination from 
season to season. 

In s(u*ies B, the results obtained show^ rather definitely that tin? use 
of corn-gluten meal did not render the diets less effective in prevcuit- 
ing lameness and incoordination. No affected jiigs wer(> found in 
either the control group or the group receiving oats, and only one mild 
case was recorded in each of the remaining groups. Growth on the 
control di(d was poor. Although tlx; rates of gain were highest with 
the feeding of liver and of cas(»in, growth was still subnormal. Oats 
increased gains somewhat and molasses only slightly. 

In series C, the three groups, regardless of the supplement fed, 
had similar rates of gain and final weights. The lowest incidence, 
as well as degree, of laineni^ss was observed in the group receiving 
the barley supiilcment. 
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Table 2 .- — Growth and incidence of lameness of groups of pigs on the five series 

of diets 

SERIES A.-~BASAL MIXTURE OF CORN, TANKAGE, ALFALFA-LEAF MEAL. AND 

LINSEED MEAL 


Pig 

grouj) 

No. 

Pigs 

Diet supijlemeiit or treatment 

Average weight 

Aver- 

age 

<hiily 

gain 

Feed 
per 100 
pounds 
of gain 

I..ame 

ani- 

mals 

Aver- 

age 

score 

for 

lame- 

ness 

Initial 

Final 


Number 


Pounds 

Pounds 

Pounds 

Pounds 

Number 


] 

n 

Mineral mixture; control diet . 

i 43. 0 

204.0 

1. 50 

370.9 

3 

0.07 

2 

11 

None 

48. fi 

214. 1 

1.72 

350. 4 

5 

.82 

3 

10 

Skim milk. - .. 

43. b 

200. 0 

1.72 

344. 3 

3 

. r>o 

4 

IH 

Green forage . 

50. 8 

198.8 

1.40 

425. 8 

11 

.98 

5 

r, 

Same as group 1 ; pigs on earth run- 









way . 

39.4 

229.8 

1.72 

357. 0 

1 

. 10 

0 

10 

Oats 

40.8 

219. 7 

1.08 

381.7 

1 

. 10 

7 

fi 

Liver 

.54.7 

21;L9 

1. 03 

384. 8 

1 

. 10 

8 

f. 

Manganese 

54.7 

218. 7 

1.82 

348. 3 

2 

.25 


SERIES H. BASAL MIXTURE OF CORN, CORN-GLUTEN MEAL, MINERAL .MIXTURE, 
AND FORTIFIED (V)I)-LIVER OIL 


1 

5 

None . 

55. 8 

1.32.4 

0. .50 

543. 4 


0. 0 

2 

5 

Oats ... 

.55. 0 

138. 0 

.75 

407. 3 

1 h 

.0 

3 

5 

Liver 

57. 0 

209. 2 

I. 11 

370. 3 

1 

.2 

4 1 

r, 

Ca.sein 

01.3 

171. 1 

.93 

438. 1 

1 

. 17 

r, 

5 

M classes . 

50. 8 

1.52.8 

.58 

509. 2 

i 

1 

.20 


SERIES C.— BASAL MIXTURE OF TANKAGE, MINERAL MIXTURE, AND FORTIFIED 

COD-LIVER OIL 


1 

12 

•Corn . 

07.8 

208. 8 

J.52 

309. 8 

8 

0. 80 


13 

Barley 

81.4 

208.2 

1.03 i 

388.5 


.04 

3 

13 

Wheat 

81.3 

208.2 

1..59 

370.8 

7 

.42 


SERIES D. -SIMPLE BASAL DIET OF CORN, TANKAGE, MINERAL MIXTURE, AND 
FORTIFIED COD-LIVER OIL OR STOCK CONTROL DIET OF ALFALFA-LEAF MEAL 
AND LINSEED MEAL ADDED TO SIMPLE BASAL DIET 


1 

17 

Simple, unhealed (control) . 

0 : 1.8 

211.8 

1..54 

303. 7 

11 

O.IK) 

2 

17 

Stock, unheated (control) 

02.8 

230. 3 

1.78 

3.59. 6 

0 

.41 

3 

12 

Simple, heated - 

5 : 1. 0 

115.0 

.52 

4.51,7 

12 

2. .59 

4 

fl 

Stock, heated 

Simple, heated, supplemented by— 

05. 8 

00. 2 

0 

(') 

0 

2. 25 

5 

0 

Corn-gluten meal, 10 percent.. 

.57. 7 

107. 7 

.48 

402.7 

3 

1.00 

0 

0 

Dry liver, 3 percent 

50. 8 

207. 1 

1.52 

330. 1 

2 

.75 

7 

0 

Rico bran, 10 percent 

58.5 

1.51.7 

.93 

397. 5 

2 

.,58 

8 

0 

Dried whey. 7.7 percent -, 

Stock, heated, supplemented by— 

00.0 

202. 0 

1.41 

353.2 

2 

.07 

9 

0 

Dried whey, 14.7 percent. . . 

77.0 

182. 5 

1.21 

408. 4 

1 

.;i3 

10 

0 

Whey concentrate, 14.7 perc'ent. 

74.7 

102. 7 

.99 

488.8 

3 

.07 

11 

0 

Wheat-germ oil, 1 percent 

70.7 

98. 6 

.31 

810. 2 

0 

1.75 


SERIES E.--CURATIVE TRIALS ON VARIOUS DIETS 


Pig 

group 

No. 

Pigs 

Diet 

Average weight 

Aver- 

age 

daily 

gain 

P'eed 
per 100 
pounds 
gain 

Lameness scores 

Initial 

Final 

Begin- 

ning 

End 


Number 


Pounds 

Pounds 

Pounds 

Pounds 



1 

5 

Same as series D, No. 2 

83.8 

140. 0 

0. 87 


2. 6 

2. 5 

2 

5 

Dried skim milk in place of tankage 









in series 1), No. 2 

109.2 

204.2 

1.04 

383.6 

2.2 

3.3 

3 

5 

Animals fed with groups I, 2, 6, 7, 8 









in series A.... 

70.8 

215.0 

1.85 

380.2 

2.0 

1.3 


1 Daily consumption i)er pig approximately 1.95 pounds. 
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In series D, groups 1 and 2, the controls fed the unheated diets, 
grew normally but show^ed a seemingly high incidence of lameness, 
particularly group 1. The feeding of tluj unsupplemented heat- 
treated diets resulted in lameness and incoordination in varying 
stages in. all 18 animals fed. Growth was also retarded in all pigs 
and in fact stopped in group 4. This group w^as on test for an average 
of 78 days. One animal died and others appeared near death as the 
(experiment closed . 

The supphements used stimulated grow^th in varying degrees. 
Dried pork liv(‘r, fed at a levcd of 3 perccuit, was very effective, and th(» 
commercial di ied wh(\y product, fed with thee simple diet at a level of 
7.7 perccent, produccHl n(‘arly as good grow th. The wdi(\y concentrate, 
wdiich was fed at a lev(‘l approximating 210 cc. of fresh wh(\y to 85 
gm. of heated di(‘t, was insufficient to prevent lam(*n(*ss compl(*t(dy 
although none of th(' three aflectc^d animals showed advanced inco- 
ordination. Of the five supplements used, wdieat-germ oil was entindy 
ineffective in pi-evention of lameness, whereas the corn-gluten meal, 
liver, rice bran, and wln^y products were all mod(*rately (dlec.tive 
at the levels f(*d. The striking iTsults obtained with the heated diet 
in tlu’i production of lamcuiess, together with the prot('ction afiorded 
by these supplenuuits when added to the heatinl di(d, leav(‘ little 
doubt of the nutritional origin of th(‘ disease. 

CURATIVE TESTS 

In s(‘ries E, the di(*ts fed to the thr(M‘ groups of affected animals 
that had beim s('gregated from their Iitt(4* or lot mat(‘s failed to cure 
the laiiKUK^ss aiul incoordination. The rc^sults are shown in table 2. 
Although there w^as a minor improvement in the avcu’agc^ scores of 
groups 1 and 3, th(‘ avei’age of all thiH^e groups shows no improvement. 
The 5 pigs in group 2, wdnch receiv(>d dried skim milk, showed a 
decided increase* in the s(*v(*rity of the dis(*ase. The failure of the 
curative tests may be due to thi* limited d(igr(*(' to which regcuieration 
of n(*rve tissue can take place* in the animal boely. 

RAT-FEEDING EXPERIMENTS 

The rat-fe*e*eling expe'riments, the re*sults of which are giveui in 
table 3, showe*d that the growdh of rats was retarde*cl by the he*at 
treatment of the die*ts almost as much as it was in the pigs. The* 
simple unheated die*t, as used in pig series D, group 1, produced 
significantly poorer growth than the stock diet. In turn, the animals 
on the heated simple diet were retarded in growth and required more 
feed per unit of gain than those on the unh(mt(>d diet. 

The lack of a marked response* from the addition of 5 perci*nt of 
casein, exti’acted with water and dilute alcohol, indicates that quality 
of protein was not the limiting factor. Alfalfa-leaf meal fed at a 5- 
percent lev(*l, wheat g(*rm at 10 percent, and rice bian at 5 ])ercent 
app(*ared to be more ("fl’ective supplements than the casein. When 
the daily allowance of ric(> bran was 1 gm. per day, or approximately 
8 percent of the total food intake, the growth rate was neai*ly as gr(*at 
as when the unheat(*d diet was fed, and was greater than for the* wheat- 
germ supplement, of which the daily intake also averaged 1 gm., 
although constituting 10 pe*rceiit of the diet. In the feeding of frac- 
tions of the rice bran, it was found that the filtrate fraction remaining 
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after the thiamin, riboflavin, and vitamin had presumably been 
removed by adsorption treatments was the most etfective preparation 
of the series. Neither thiamin nor riboflavin preparations wore of 
material benefit, thus supporting the findings with the rice-bran 
absorbate pri'paration that neither of these vitamins was a limiting 
factor in growth. 


Table 3. — Results of rat-feeding experiments on the heated pig diets of series D with 

various supplements 


lint 

Hats used 


A verape 

Fcicd p('r 

prnup 

No. 

in 

nu'nts 

J ) let fed 

pain in 12 
w(‘('ks 

pram of 
pain 


Number 


Gra m a 

Grams 

1 

8 

Siinplo, unhoati'd (’control) 

144.9 

7. 15 

2 

8 

Stock, unhealed (control) . 

185. 1 

0. 55 

3 

14 

Simple, heated 

Hiin])lc, lus-itod. siipplcnieiitcd by-- 

08.7 

9. 92 

A 

f) 

Casein, 5 percent 

Alfalfa-leaf meal, 5 percent. . . . 

80.3 

7. 58 

f) 

0 

100. 2 

7.37 

r> 


Linseed meal, 5 percent . 

89.7 

8.29 

7 

<> 

Wheat perm. 10 i>ercent 

1 90.2 

8. 49 

8 

4 1 

Klee bran, 5 percent 

08.0 

7. 9(5 

9 


Rice bran, 8 percent— . .. . . . . 

1 138. 3 

7.22 

10 

4 

Rice bran, absorbate.. . 

i 90.0 

8. 03 

11 

4 

lti«‘ bran, eluate. . 

H(i. 5 

9.92 

12 

4 

Rice bran, nitrate 

135.5 

7. 75 

13 

0 

Id ver e.xtract . . .... 

104. 7 

(5. 33 

14 

0 

Whey concentrate . 

14.5. 8 

0. 45 

15 

0 

Thiamin. 30 mlcrograms per week .. 

80. .3 

8.71 

10 

0 

Riboflavin. 105 microprams per week . 

76.0 

9.19 


Liver, and to a h'ss extent the whey concentrat(', as preparcHl in the 
Bureau of Dairy Industry, were eflcctive in promoting better growth 
than the unln^ated diet. The results as a whole appear to support the 
data pre^sented by various workers that a factor of factors found in the 
so-called filtrate fraction obtained in the separation of the vitamin B 
complex are destroyed by prolonged dry-heat treatmcuit. 

HISTOLOGICAL STUDIES OF TISSUES OF PIGS 

Histological (examinations of tissues of pigs showed that a dogeinu a- 
tion of tin*, myelin sheaths in certain peripheral nerves and the spinal 
cord was probably a primary factor in the development of the locomotor 
symptoms evidenced in lameness and incoordination. As the work 
progressed, the similarity of the lesions to those reported by the Iowa 
investigators {2) and to those of Wintrobe and coworkers {8) became 
evident. 

The nature of the degenerative changes in the myelin sheath of nerv(^ 
libers of the sciatic nerve and the spinal cord, as shown by the Marchi 
procedure, is illustrated in plates 1 and 2. Varying degrees of dc'gen- 
eration were found, sometimes involving only an occasional nerve fiber 
or tract and sometimes widespread areas. 

The degenerative changes in the spinal cord were confined princi- 
pally to the dorsal (’.olumns and dorsal nerve roots, although some 
demyelination was found in the ventral columns also. The dorsal 
columns of the cord are made up principally of ascending branches 
from the dorsal root fibers, and they convey posture, locomotor, and 
other sensations. An interruption of conduction in these tracts will 
lead to incoordination and finally a complete inability to walk, depend- 
ing on the extent and location of the degenc^ration. 
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Table 4 presents a summary of llu* results of tlie histological exami- 
nations expressed nunK^rically and of the outward symptoms of loco- 
motor involveiiKMit as shown by the lameiu'ss scores. The average 
scores for the outward symptoms an^ in giuicral agreement with those 
for the nerve examinations. In most instances, the number of animals 
involved are not greatly different for tlui tw^o scoring indices. Besides 
the animals included as Iniving definite lesions, a number of others 
not included in tlu^ table had slight changes, from tin* normal structure, 
in the sciatic norve and sjiinal cord, a condition wliich may or may not 
indicate early lesions. Even the unheated stock diet protected less 
than two-thirds of tlu^. animals. Tlie finding of abnormaliti(iS in the 
pigs receiving gre(‘n forages is confirmed hy the histological studies on 
10 animals. The data on this group indicatt' a condition int ermediate 
between those on the unheated simple diet and those on the stock 
diet. Tli(^ lieat('d di(di rc^sultc'd in tlu' greatest amount of spinal-cord 
degeneration, just as it did in general incoordination. The addition 
of dried whey in g]*ou]) S of series D })r(*v(*nt(‘d the extreme d(^genera- 
tion noted in grouj) .S of that seric's, and the higher levid of whey used 
in group 9 w^as cveji more efie(*tive. Altliougli the wdiey concentrate^ 
furnished considerable pjotection, it did not appear to be equal to the 
dried wdiey on an estimated liquid-wdiey basis. The^ addition of wh('at- 
germ oil to the lieate'd stock diet was of little if any avail in thir pre- 
vention of lameness or of nerve degcuieration. Rat t(*sts showcal the 
wdieat-geim oil to be reasonably potent as a source of vitamin E, and 
it seeuns unlikely that the substances wduch confer vitamin E activity 
are involved in tlu^ nerve d(g('neration in qin^stion. 

PABLii: 4.~ Results of histological exammntions on nerve tissues compared with data 

on incoo rdina t ion 
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Sciatic nerve 

Spinal cord 

Series 

Group 

Diet treatment or 

Cijn; 







No. 

suppleinojjt 

used 

Tips 

A ver- 

Tigs 

with 

Aver- 

Tigs 

with 

\ \'cr- 






alTected 

age 

definite 

ag(‘ 

definite 

age 





score 

lesions 

scon* 

lesi()n.s 

.s(;ore 




Nv mhtr 

Nil rnher 


Nnmher 


Nnmftir 


A 

4 

Green forajje- - . 

10 

G 

0. 85 

7 

1. 00 

7 

1.20 

B 

1 

(’'ontrol, corn-pluten rnenL-- 

1 

0 

.00 

1 

. 50 

1 

. 50 

B 

2 

Oat supplement . _ 

1 

0 

AW 

0 

. 00 

0 

.00 

B 

3 

1 tried pork -liver supi>lement 

1 

0 

.00 

0 

.00 

0 

.00 

B 

5 

Molasses supplement . 

2 

1 

. 50 

1 

.25 

1 

.25 


2 

Barley 

0 

1 

.08 

0 


0 


C 

3 

W heat 

G 

4 

. 50 

3 

. 50 

4 

. G7 

D 

1 

Simple, unheated - - - 

15 

12 

1.00 

11 

1.43 

14 

1.47 

1) 

2 

Stock, unheated 

IG 

G 

.44 

7 

.41 

7 

. 5G 

1) 

3 

Simple, heated. - 

12 

12 

2. 59 

12 

3.17 

12 

3. 42 

D 

4 

vS tuck, heated . 

1 4 

4 

2. g;i 

4 

3. 00 

4 

3. .50 

D 

8 

Simple, heated, supple- 
mented with dried whey . 
Stock, heated, supple- 

G 

2 

.58 

3 

1.83 

4 

1.00 



mented with — 






i 


D 

9 

Dried whey 

G 

J 

.33 

2 

.33 

2 

. 50 

L) 

10 

Whey concentrate- . . - - 

G 

2 

.50 

3 

1.00 ! 

4 

1.17 

D 

11 

Wheat-fxerm oil 

1 4 

4 

1. 13 

3 

1.75 1 

1 

4 

2.00 


1 Two additional animals died near the clost^ of the experiment in advanced staKcs of paralysis, and no 
hlstoloKical studies were made. 
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A comparison of the results for groups 2 and 3 of series C, which 
received barley and wheat respectively, with those for group 1 of 
series D, which n'ceived corn as the principal ingredient of the diet, 
showed that wheat proved little different from corn but that barley 
conferred a high degree of protection. Among the pigs examined, 
those fed barley and those hnl corn-glut(ui meal were the only ones 
that showed no d(»finite cases of nerve degeneration. A limited num- 
ber of rats from the experiments already described were examined for 
myelin degeneration. Animals fed the heated diet with the cod-liver 
oil fed in separate dishes showed degeneration, and at least one of six 
animals showed evidences of incoordination. 

DISCUSSION 

From the r('sults thus far obtained, it scH'ins reasonably certain that 
the locomotor symptoms and evidences of nerve and spinal-cord 
degeneration that have been found are similar to those rc'ported l)y 
other investigators. However, Eveleth and Biester {2) concluded that 
the incoordination and myelin degeneration were caused by difl’erent 
etiological agents since severe incoordination was not always associated 
with advanced myelin degeneration. In some of their experiments, 
the feeding of dic^ts deficient in vitamin A resulted in development of 
incoordination but only mild nerve d(>generation. 

Wintrobe and associates (c*?) describe demyelination in the peripheral 
nerves, the posterior root ganglia, and the posterior (or dorsal) columns 
of the spinal cord. Animals showing the degeneration had manifested 

peculiar slapping gait’^ and were particularly awkward in turning.^’ 
In the advanc(‘d stagers, tlu^ animals b(H‘.am(' less active and sat with the 
hind legs sprawled in unnatural positions. Th(‘ animals receivcid an 
artifi(;ial diet from an early age, and the evidence pointed to a dh^tary 
deficiency of one or more components of the vitamin B complex other 
than thiamin or riboflavin. 

In the present experiments, it was possible to control the production 
of the disease, within limitations, by the use of natural feedstuff s and 
thereby clarify some of the questions raised by the other investigators. 
Unlike the findings of the Iowa group (^), the results of the present 
work show a rather close association of incoordination with myelin 
degemu’ation. It seems apparent that the locomotor symptoms devel- 
oped following the degeneration of fibers in the nervous system. 

Thus far, repair of the degenerated fibers accompanied by disap- 
pearance of the symptoms of incoordination has not bt^en observed. 
However, this result does not seem to be unusual, since a highly potent 
protective diet was not tested on the affected animals and regeneration 
of nerve tissue in the animal body is limited. 

The finding that diets of the type commonly used in hog feeding, 
when subjected to heat> treatment, will produce the diseases has mach» 
it possible to study the problem in greater detail and with more 
certainty than formerly. There seems to be little doubt that the 
symptoms in live animals and myelin degeneration found histologi- 
cally are similar in animals on heated diets and animals frequently 
affected on so-called normal diets. Heating of the diets undoubtedly 
destroyed or inactivated a nutritive factor or factors that are in some 
way related directly or indirectly to the nutrition of nerve fibers. 
Failure of animals to grow normally on the heated diets suggests that 
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more tliaii one nutritive factor may lx*, destroycxl by heating;. Ob- 
servations on the g:rowth of lame aniinals fcKl on iinlieated diets, 
including: tin' stock or record -of-performance diet, as compar(‘d with 
normal animals under the same conditions, indicate that lame animals 
are frexiiKvntly but not necx^ssarily slower in rate of g:rowth. Accord- 
ingly it is possible that th(» myelin-degem^ration-preventive material 
is different from the growth fa<‘tor destroy (‘d by heating. 

The results obtaimxl on the heat(‘d diets have' strengthened the 
opinion already ex]3ressed that breeding as a factor in predisposing 
the animals toward development of lameiu'ss is of much less concern 
than was at one time suspecteil. The absence' of any serious cases 
of lameness in a number of litters from stock that had shown a high 
incid(‘nce in earlier work has contribut(‘d to this opinion. 

Interfer(*nce witii normal bone development as a factor in tlu^ 
d('V('lopment of lameness has Ix'cn eliminated by soiik' work on the 
ash content of th(' femur bones.^ However, tin* data on percentage* 
of ash in the fat and moisturc'-free* boin* showed no relation to lain(*n(*ss 
or to diet. Anoth(*r i)hase of the studies, nam(*ly, incidence of swine 
('rysip(‘las, has b(*(vn given some* attt'iition. He‘sults of serological 
tests on blood serums, (*arj*icd out in tin* laboratori(*s of tin* Patliolog- 
ical Division of tin* Bur(*a u, showed fr(*(juent positive* cases of erysip(*las, 
but the*re was rn) associatie)n of this elise'ase* with ine*oorelination. 
Howe've*!*, lame‘Tn*ss re*sulting freim elise*ase*el jeunts due te) erysipelas 
infections may be^ ce)nfuse*d with the initial signs of incoe)rejinalion - 
due* to die*tary de*fi(*ie*ne‘y. 

The ide*ntity of the lame*ne*ss- and ne*rve-ele*ge*ne*ratie)n-preventive 
factoi* is still obse*ure. Evidently it is not presemt in larger quantitie^s 
in the* usual swine* fee*ds. Ke*sults sugge*st that bajie\y ainl e)ats may 
be more e*ffe*ctive' pre*ve‘ntive*s than e‘e)rn and wln>at. Liver, skim 
milk, whey, rice bran, anel e‘e)rn-gluten me*al are* among the feeds 
t(*steel that i)e)ssesse*el ce)nsiderable‘ value* ye*t at the* levels feel wem^ not 
e*ire*e‘tive in all animals. 

SUMMARY 

The* expe*rimental we)rk here*in repoi*te*d was e*arrieel on at tlie 
lJiiite*el Statens Departme*Tit of Agriendtui-e*, Be*ltsville Rese*arch Cente>r, 
Be*ltsville*, Md., fre)m the spring farrow of 1937 thi-ough the spring 
farrow of 1939. The pigs were* gene*raUy j)lace*d on expe*rinn*nt at 
10 to 12 weeks of age* anel were* kept on test for 12 to 24 wee>ks. The 
dise*ase, whiedi freque*ntly occurs among pigs ce)jifine*el in small pe‘ns 
wdtli conerrete* floe)rs, is characte*riz(xl by ine*oorelination in the use* of 
the le*.gs, abnormal pe)sture, anel lameness. 

The diets useel were* pj epare*el from the gene>ral supply of feH*ds pur- 
chased for use in swine feeding at Be*]tsville*. The stock die>t con- 
sisteel of No. 2 yellow corn, dige'ster tankage of 60-pe*rccnt protein 
content, linsee*d ine*al, alfalhi-leaf meal made from sun-cureel liay, anel 
a mineral mixture. Various supple*me*nts e)r re*plae*emeuit feeds were*, 
used, benng chosen because e>f kne)wn or suppe)se*d mine*ral, vitamin, 
or protein value or as contrasting feeels for those* replae*e*el in the stock 
diet. 

Myelin de)gene*ration of the ne*rves anel spinal coj-el w as demionstrated 
in the affected animals. The extent of de*gene*ration was in general 
parallel with the severity of incoorelination. 

3 Unpublished data. 
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When the normal diets were heated at 115° ”120® C. for 30 to 40 
hours, incoordination andiny(Jin degeneration were generally produced 
in all animals. Heating greatly increased the incidence an cl severity 
of the disease. The incidence of the disease was high on stock diets 
commonly us(id for growing and fattening hogs. 

Supplemental or replacement feeds incorporated into the basic 
diets, including the heated diets, gave favorable results in some cases 
although complete*, protection was infrequent. Of the various feed 
materials investigated, liver, concentrated milk products, barley, and 
oats afforded the greatest protection. 

Animals that did not receive a mineral supplement in the diet 
tended to show a greater degree of lameness than those receiving such 
a supplement. 

The r(*.sults indicate a deficiency disease of nutritional origin. 
The dietary factor appears to be present in variable or insufficient 
quantities in many of the feeds commonly used in hog feeding and is 
destroy ed or inactivated by dry-luiat treatment . 
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EFFECT OF COOL STORAGE OF EASTER LILY BULBS ON 
SUBSEQUENT FORCING PERFORMANCE ‘ 

By Philip Bkiejilet 

Pathologist^ Division of Fruit and Vegetable Crops and Diseases, Bureau of Plant 
Industry, United Stales Department of Agriculture 

INTRODUCTION 

East(^r lily bulbs produced in the Southern State's usually art*. I'eady 
to dig before the florist is ready to rect'ive them foi* forcing. Some* 
storage period is therefortr necessary. Tlit* present study (‘onduett'd 
at the United Stat(*s ITorlicultural Station, Beltsville, Md., was begun 
in the fall of 1935 with the pur[)ose of finding a storage i)ractice that 
would maintain tht* forcing quality of tlie bulbs and reduct* to a mini- 
mum the occurrence of rot, shrivt'-ling, and prt'inaturt* sprouting. 
Short exposures to cool tt*m[)erature kept tht' bulbs in good coiulitioii 
and sliowed a marked t*lT(H*t in acct‘lt*rating bloom. This lattei* (*ffcct 
was examined in furtht*r tltdail, and the present paper summarizes 3 
years’ trials showing that specific preplanting storage treatmtuits are 
a coin enient means of ct)ntrolling the timt> of flow ering in fCast(*r lilies. 

MATERIAL AND METHODS 

The horticultural varieties of Lilvum lorupyiorvm Thunb. includetl 
in thest* studies and tht* stiurt'cs t>f the experimt*ntal material w^ert* 
Creole from Louisiana, Crtift from Ort‘gon, Erabu anti Giganteum 
from Japan, and Harrisii from Bermutla. Tlit* name ^Hh’oft” has 
been applied for (‘onvenituice to a commercial type grt)wui in Oiegon 
without varietal designation anti purchased tlij*ef*t from growers t»ach 
year. One of the 193(h 37 stocks of Creole and tlie 1937 38 stock t)f 
flarrisii wt*rc also btiught tlirect from grtiwers. All others were pur- 
chased through dealers, Attemjits were made to t)btain each stock 
promptly after digging to avoid the complication of uiuh'sired storage 
practices before the bulbs were received ft)r tht* (*xperiments. In 
gtmeral th(*se attempts were not successful, anti the resulting dis- 
crepancies will be discussed herein. 

Bulbs 7 to 9 inches in circumference were spt^cifiecl in all purchases. 
The mean circumference was determined from 50 random bulbs of eacdi 
variety and ranged from 7.20 to 8.19 inches, with the exception of 
one Creole lot (Ci 37 in table 2) in wdiicli the circumference averaged 
only 5.57 inches. The last-named lot was supplied after standard 
sizes had been sold. Tlie Liliuni longiflorum seedlings included in 
one trial were random samples of optm-pollinated progenies of the 
Croft variety. These had been grown in the greenliouse approxi- 
mately 1 year from seed when the trials w^ere begun. 

I Uecoived for publication November 25, 1940. 
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The number of bulbs per unit trial was 25, but if one or more failed 
to grow or to flower, the means were computed for the number flower- 
ing. This was considered sound practice, since the factors responsible 
for failure to grow or to bloom were apparently independent of the 
factors under test. Two packing materials, moistened peat moss and 
dry sand (or soil), were used. Throughout the 1935 -36 and 1936-37 
studies the individual test lots were repacked for storage tests in peat 
moss which had been thoroughly wet and from which the excess water 
was pressed out with the hands. In 1937-38 this moist-peat pack was 
compared with the original dry sand (Bermuda) or sandy loam (Louisi- 
ana) in which tlie bulbs were shipped. 

Storage facilities were provided by the storage and transportation 
project of this Division at the Arlington Experiment Farm, Arlington, 
Va. Temperatures werc^ controlled within a range of approximately 
±1^ F. from the values stated, and relativ^e humidity was maintained 
at a level of approximately 80 percent. Bulbs subjected to coldframe 
treatment were potted as for greenhouse planting and plunged in an 
open unheated frame, where they were exposed to tlie outdoor t(un- 
p(*ratures of Beltsville, Md., for the stated interv^als. At the close 
of thes(^ intervals the pots were moved to the greenhouse'. 

In the greenhouse the bulbs were grown singly in 6-inch clay pots 
in a composted soil with which a liberal amount of bonemeal had been 
w(dl mixc'd. The soil for each year's series of trials was prepared and 
mixed in advance. All trials were conducted in the same section of a 
greenhouse, the temperature of which was manually controlh'd, as 
far as practicable, to 65® F. in tln^ daytime and 60® at night. These 
t(*mperatures, how'ev'er, were often far excet'ded during tin' summer 
months. 

1936 36 EXPERIMENT 

The data for 3 varieties included in the first yearns trials (1935-36) are 
shown in table 1 . Since these varieties were received at different dates, 
the storage exposures and corresj)onding control plantings w^cre made 
independently for each variety. It is apparent from table 1 that cool 
storage accelerates blooming, the difference in number of days to 
bloom between stored and control lots always proving higlily signifi- 
cant. The height of flowers above the soil line also shows signiflcant 
decreases in the stored lots as compared with the nonstored lots in the 
Croft variety. The number of flowers per bulb is decreased in stored 
lots of Croft and Erabu but not in Creole. The actual date of bloom 
is shifted less strikingly by storage treatment than is the number of 
days to bloom, since the stored lots were planted (and the coldframe 
lots moved to the greenhouse) 37 to 41 days later than the control 
lots. Data in table 1 from unselected seedlings exposed for two 
different intervals in the coldframe and those without such exposure 
to a cool period show' similar trends. 

Although the general trends toward earlier blooming, shorter stems, 
and fewer flowers were similar in the three v'arietics and in one group 
of seedlings tested, these responses were most striking in the Croft 
variety. In actual flowering dates the stored lots of Croft were far in 
advance of the controls, while the stored lots of Erabu bloomed slightly 
later but within 6 days of the controls. Accordingly the 1936-37 
trials were planned to compare the response of different Easter lily 
varieties to similar storage treatments. 
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Table 1.- Effect of storage, treatment o7i titne of blooming and quality of flowers of 
4 varieties of Easter lily in 


Variety and 
source 


('roft, from Ore- 


Louisiana. 


.Iniian. 


/.. lovQiUoniw 
fscedlinpL 


Ciicum- 
fcrt?nce of 

Prcplaiitim; freot- 

Date 

planted 

Dale of 
bloom- 
ing 

Days to 

Height ' 

Flowe»\s 

tuilb.soii 
univ!i) 1 

mcnl 

in urcen- 
hou.se 

blooming > - 

l)er bulb « 

J7}chei< 


um 

me> 

Nil mber 

Inchefi 

Number 


None - 

Ocl . S 

June 2 

23S. .3 A: 1.08 

20. Odrl .OO 

7. 44.0. 37 


(^oldfranifMl flays 

Nov. 15 

May 21 

188. .3=tl. 20 

I3.0:t .35 

0. 4± .21 

7. 92±0. 07 

Stored at f)0° F. 41 

.do . 

Apr. 20 

102. 0± .82 

ll.Odr .31 

3.4± . 14 


days. 

Stored at 30® F. 41 

. do 

Apr. 21 

158. 2± .00 

13.3rt .33 

3. 4± . 13 


None.. 

Oct. 2.5 

Ai>r. 20 

184. 4d l. 10 

20. 3± .38 

4.34 .10 


ColdfranuMO days 

Dec. 4 

Apr. 17 

135. 0± .50 

24. Or! .14 

4. 24 . 10 

7.49± .(Mi 

^ Stored a1 Kf F. 40 

. do . 

1 Apr. 21 

130. O Ll.OS 

23.8zh .40 

3.74 .24 


days. 1 

Stored at 3G® F. 40 

do 

! Apr. 24 

1 

I42.0± .74 

! 23.0rt .47 

4.24 .10 


days. 

N (me . 

Nov. 12 

- do . . 

104.5d:l. 44 

! 1 

10. Od: .80 

7.24 .42 


roIdfiame37days . 

1 Dec. 10 

Apr. 25 

128. Oil. Oil 

! 17. 2rt: .81 

5.04 .40 

7.87± .10 

Stored at 50“ F. 37 

L. do..._. 

Apr. 28 

131. 8d 1. 10 

j 20. 7d: .07 

4.74 . 43 


days. 

Stored al .30“ F. .37 

! 

i d(» 

i Apr. 30 

133 2:L .04 

I 18. 8± ..82! 

5.34 .20 


days. 

None . 

i 

' Jan. Hi! 

1 June .3 

M44.7i3. 43 

i 

1 

23.0,fcl.35! 

5.44 .20 


ColdfranieKl days 

i 

• Jan. 10 

1 

i May .5 

no. Odr .74| 

I7.S:L ..50i 

0.04 .44 


Coldframc IK2days- 

! Apr. 20 

i June 13 

54. L-t .70; 

; 15 0=b . 40 

2.0.1. .20 


' Mean and standard enor. ^ Date on which seed ua.s i)lanted. 

« From date of planting in jireorduaise. •' romputed as days after Jan. Ih, IfWt). 

1936 37 EXPERIMENT 


In tlic t‘xi)(‘j*iiiu*iil of 1936-37 th(‘ varieties (Jij^antouin aiul Harj’isii 
were addtul to those prt'viously tested. Two lots of Erahii, designated 
by the dealer as Black vStem Regular’' (E2'37 in table 2) and ‘^Improved 
Early Flowering” (Ei37 in table 2), were included. '^Phe dealer did 
not stat(‘ wh(‘ther the early type was genetically oi* physiologically 
(‘arly, Init the results olitained liy the writtT suggest that its dilference 
from the Black Stem Regular is attributabh' to handling rather than 
to selection. Two stocks of Cr(*ole wer(‘ used; oik' of regular (‘omrner- 
cial size olitaiiuHl from a dealer after considcu'abh' delay, and one of 
smalh’r bulbs obtained dir(‘ct from the producers. The Croft variety 
was delayed in arrival because of for(‘st fires in Oregon. 

Since it was planned to stait storage trials on all varieties siinul- 
tan(H)usly to minimize differences in the conditions encounterc'd dur- 
ing forcing, the early arrivals w(Te held in their original jjacking until 
the later arrivals w(‘r(r receiv(‘d. The prolonginl diday of Ooft and 
(Teol(‘ (C 237 ) introduced an error that had not becui anticipat(‘d. The 
early -an iving vaiietic's stood for 5 to 7 weeks in the original cases in a 
room at 50° F., which constituted a cool storage* treatme'iit in the 
controls. The effect of this stoiage is shown in differences tliat appear 
between lots 1 A, planted on arrival, and lots 1, planted November 2, 
after all lots (except Croft) were on hand. The duration of this un- 
planiK'd storage interval may be computed from the differ(*nc(*s be- 
tween planting dates of lots lA and 1 in table 2. AVlien* no lot lA 
appears, the variety was received just in tinu' for the tests proper. 
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Table 2. — Effect of storage treatment on time of blooming and quality of flowers m 

1936-37 

rUEOLE (MEAN riRCrMFERENCE OF BMLBS, 5.67±().6 INf'HES) 



StoraKf 

treatnunit 

Date 
plante<l 
in green - 
hoiLse 

A verage 

l)ay.s to 
blooming > * 

Days to 


Flowers 
per plant 2 

Size of 
flower •' 
(length by 
diameter) 

iiOl 

No. 

Tem- 

pera' 

Inter- 

val 

date of 
blooming 

emer- 
genee i i 

Height 2 


ture 


i 






1 









Index 



Weeks 

um 

m? 



Inches 

Number 

n n mber 

lA 

(S) 


Sept. 12 

Apr. 14 

214. OrbO. 70 

69. 1±0. 80 

27. 1±0. 67 

3. 6±4). 21 

28. 6rb0.47 

1 

0) 


Nov. 2 

Ai)r. 10 

ir.8.7rfc .68 

36.7=b .91 

31. \ ± .63 

3.0=fc . 18 

29. Id: .38 

2 

/)() 

f) 

Dee. 7 

Apr. 12 

126.8rt .{«) 

18.1^1.36 

30. 7± .89 

2. 7rfc . 53 

2<). .60 


40 

6 

flo . 

Apr. 16 

129. 8dr .68 

1 28. 7± .IK) 

29. 4± .49 

3. l=t . 10 

28. 8d: . 41 

4 

32 

6 

do 

Apr. 22 

136. 6i: .82 

34. 2± .73 

27. 8± .47 

3.4d= . 16 

29. 6d= .61 

6 

O') 

6 

do 

Apr. IH 

131. »zt .70 

26. 2dr . 76 

27. 4± .64 

3.4-ii .15 

29. S± ..69 




um 







6 

60 

10 

Jan. 11 

Apr. 22 

101. Odb .97 

.(^± .66 

24. 4± .49 

1.3± .11 

30. 1 dr . 69 

7 

40 

10 

do . 

May 6 

116. Od-1.36 

28. 3± 1.68 

18. 3± .74 

2.4d .64 

27. 6d. .66 

in 

32 

17 

Mar. 6 

May 23 

78. Oil. 05 

17. 9±1. 00 

13.9=b .66 

2.4dr: .39 

2.6. ld= .46 



CREOLE (’237 (MEAN CIRCUMFEREN( 

E OF BULBS, 7.66=fc0.16 IN(’IIES) 

1 

(■‘) 


ifm 

Nov. 2 

Mar. 16 

134, 4 d: 1.62 

22. 4d=1.02 

32. 3d 1.30 

3, 7d::0. 66 

28. OrfcO. 33 

2 

60 

5 

Dee. 7 

Apr. 6 

120. 2rfcl. 13 

20. Orfcl.24 

31.4rfc .90 

2. 9± . 34 

2< . 9± . 4 4 

3 

40 

6 

, do 

Apr. 14 

128. Oil. 31 

28. 7drl.41 

30. 9± .82 

4.0d. . 43 

28. 6d: ..66 

4 

32 

6 

do. 

.Apr. 16 

130..6d=l. 26 

29.0dr .81 

33. Id- . 71 

4.0± .39 

28. Idr .72 

9 

(') 

6 

.. . do 

Apr. 10 

124.2d=l.(H) 

19. 6d 1.23 

29. 9d=1.04 

4.4di . 48 

28. 1±1.22 

6 

60 

10 ' 

tm? 

Jan. 11 

Apr. 27 

106 6drl..62 

6. Old 1. 63 

22. 7d- .87 

1.7± .20 ‘ 

29. 6:i. .)‘»6 

7 

4U 

10 

. do 

May 9 

I 117.8d.-l.67 

28. 1±1.79 

18. lil.Ol 

1 3.2di .39 

1 27.6:d .6S 


CROFT ('T 37 (MEAN CIRCUMFERENCE OF BITLBS, 7.28rt 0.08 INCHE 

:s) 


I 

C) 


im 

Nov. 


Aja*. 22 

167. 9d:4. 18 

35.7drl.()2 

14.0d:0.66 

5. 8d-,0. 36 

i 

29. IrbO. 89 

2 

60 

5 

Dee. 

7 

Apr. 29 

142.6rt2. 37 

26. 4± 1.36 

13. Id.- .31 

5. 8dr . 20 

i 29. 6d= .89 

i 

40 


do 


May 2 

146. 5rt2. 29 

36. 8d:.1.73 

13. 9± .66 

4. 6rb . 28 

! 30. 9d= .72 

4 

32 

6 1 

(lo.. 


Ai)r. 30 

143. 9d: 1.84 

37. Orb 1.26 

11.2 dr .51 

6.0dr .33 

\ 29. 24- . 68 

9 

(«) 

5 

.do 


May 2 

146. 8±1. 71 

33. 6drl. 11 

11.3d- .63 

4. 6d= . 29 

1 29. 8± ..64 

6 

50 

10 

im? 

Jan. 

11 

May 12 

121.4±1.76 

15. 6dh2. 62 

10.9rb .38 

3. 2rb . 28 1 

30. 4rb . li 

7 

40 

10 

do. 


May 13 

122. 3il. 21 

30.2rb .92 

10. 3± .21 

4.7=b .36 i 

28.2:1:1.93 

10 

32 

17 

Mar, 

6 

May 24 

79.8dr .85 

17. 4± .47 

12. 5i .36 

6. Id .68 ! 

28. Oi . 53 


EARLY ERABU Ej^7 (MEAN CIRCUMFERENCE OF BULBS, S.19±0.11 INCHES^ 





imr, 







lA .... 

(«) 


Sept. 26 

Feb. 24 

I50.7i6.39 

47,2i3.55 

20.5il. 12 

3.4i0.23 

23. 6il. 08 

1 ..-. . 

(0 

_ 

Nov. 2 

Mar. 12 

129.6i2.44 

28. 4i .84 

2.6. 9i .87 

4. 5i . 33 

24. 5i .67 

2 

50 

5 

Dee. 7 

Mar. 30 

113. 4il. 12 

12. Hi .88 

26. 5il. 15 

4. 2i . 27 

23. Oi .50 

3 

40 

5 

.do 

Apr. 8 

122. Ii2. 10 

26.5il.l6 

20. Oi .85 

2. Si .72 

23. 2i .90 

4 

32 

5 

...do.... 

Apr. 11 

I24.8il.67 

30. 5il.09 

22. 8i 1.07 

4.0i .34 

23. 8i 1.76 

9._-_ . 

(') 

5 

-..do 

1937 

Apr. 4 

118. 5i 1.56 

19. 9± .77 

23. 7il.32 

4. 7i . 35 

24. 2i .91 

6 

50 

10 

Jan. 11 

Apr, 21 

99. Oil. 32 

9.7i2.46 

14. 2i .63 

2. 5i . 23 

22. 2i. 79 

7 

40 

1 10 

. do 

Apr. 30 

109. 2il. 67 

I8.8il.48 

15. 7i . 

1 2. 4± . 13 

22. 3i. 82 


ERABU E237 (MEAN CIRCUMFERENCE OF BULBS, 7.64±0.10 INCHES) 


1A-- -1 

(') 


1930 

Sept. 26 

Mar. 14 

169. 0i2. 47 

45. 3il.80 

20.6d=0.92 

3. 7i0. 41 

21. 6i0. 63 

1 

U) 

50 


Nov. 2 

Apr. 

Apr. 

1 

149.5il.76 

34.2±1.65 

28. Oi .94 

28. li .82 I 

5.4i .41 
4.6i .34 { 

23. 5i .75 
24. 2i .74 

2 

5 

D<‘C. 7 

12 

125. 7±L 48 

16. li .70 i 

3 

40 

5 

...do 

Apr. 

18 

132.1dbl.20 

26. 8i .87 

25. li .84 

4.4i .26 

22. 9i .m 

4 

32 

5 

...do 

Apr. 

19 

133. 3iL48 

30. 6i. . 78 

21. 6i .81 

5.7i .33 

22. 6i .56 

9 

(») 

5 

...do 

Apr. 

24 

138. 6il. 58 

27. 4i .87 

23. 3i . 99 

5.1i .33 

24. 2i .61 

6 

50 

10 

1937 

Jan. 11 

May 

5 

114.4±2.2:i 

; 10.4±2.41 

18. li .87 

2.9i .25 

22.Hil.ll 

7 

40 

10 

...do . .. 

May 

9 

117. Oil. 50 

t 26. 2i 1.39 

10. 2i . 85 

3. Oi . 78 

22. 6i .53 

10 - . 

32 

17 

Mar. 5 

June 


88. 3il.67 

25. 6i 1.65 

19. 8i .70 

3. li . 53 

22. 9i .91 


Footnotes at end oi table. 
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I'a ble 2.- Effect of storage treatment on time of blooming and quality of flowers in 

1 936-37- Continued 


(UCIANTEUM (MEAN CIRCUMFERENCE OF BULBS, 7.20=h0.07 inches) 


Lot 

N„. 

Stor 
treat I 

Tem- 

pera- 

ture 

age 

iient 

Inter- 

val 

Date 
t)laiitod 
in green- 
hous(‘ 

A verage 
date of 
blooming 

Days to 
blooming 

1 lays to 
emer- 
gence > 

Height 

Flowers 
I)er plant 

Size of 
flower 
(length by 
diameter) 










Index 


F. 


wsa 

1937 



Inches 

Nn mher 

number 

lA . 

(») 


Oct. 20 

May 5 

197. Orb 1.00 

33. 5:t0. 73 

15. 2rb0. 55 

5. 5rb0. 21 

24. 4=b0. 43 

1 ... 

(U 


Nov. 2 

May 4 

182. Orb .IMi 

37. 1±1.09 

14. Orb .50 

5.8:4r .43 

24. Irb .84 

2 -- 

,50 

5 

Dec. 7 

. - do 

148. 1±1.32 

20.3±1. 11 

13. 7rb .57 

4.7rb .34 

24.4rb .50 


40 


..-(lo_ 

May 9 

153. Or! 1.28 

33. 1.41.20 

12. Irb .48 

4.4rfc .23 

24.2rb .41 

4. - ' 

:v2 

.f) 

do .. 

May 11 

155. 2rb 1.44 

30. 4rbl.44 

9. Orb .44 

5.0± .32 

22. 2i: .00 

W . . 

0) 

5 

do 

May 4 

148. 2rb .99 

31.3rbl.77 

10. Irb .41 

5.0ri: .29 

24. 2rb . 01 




}f)S7 







< 1 ... 

50 

10 

.Ian. 11 

May 14 

122. 8rbl.40 

ll.OrbH. 10 

9. 1± .40 

2. Orb .22 

23.5rb .98 

7 

40 

10 

do 

do . . 

122.8rb .90 

29. 7db2. 74 

9.3rb .35 

3. Id .19 

24. 5± .48 

10 

32 

17 

i 

Mar. 5 

.lune 2 

89.2rb2. 13 

24. Orb 1.34 

13. 2rb .90 

2.7± .22 

24. 3rb2. 34 


MARRISIl (MEAN C1R(^UMFERENCE OF BULBS, 7.97=b0.unnchesj 


lA. 

(•') 


W3(! 

Sept. 20 

May 

1 

217.3rb2.33 

80.0±2. 21 

20. 5rb0.90 

1 

2. 7rb0.30 

30. 7d 2. 18 

1 

C) 


Nov. 2 

M ay 

3 

181.8dr.3.23 

.55.2rb3. 72 

21. Od-. .78 

3. 2d: . 25 

32.0dl.40 

2. .. 

.50 

5 

Dee. 7 

May 

10 

100.2.1:2.80 

40.7d:2. 54 ! 

IS. .5:1, ,90 

2. 7rb .24 

31. Orb .85 

3 . . . ! 

40 

■ 


...do ... 

May 

14 

1.57.0rb3.04 

39.9rbl.07 j 

IH.Odr .82 

2. 9 dr. 25 

34.0d: ..58 

0 ... 

.50 

10 1 

1937 

.Ian. 11 

May 

24 

133. 4rb3. .50 

i 

25. Gdb5. .57 

lO.Srb .84 

2.5rb .23 

32. .5rb . 85 

1 

40 

10 

...do... 

May 

28 

137.2:b2.51 

33. 2d: 2. 51 

17. 5 d: .89 

2.9rb . 10 

33.2rb .90 


’ From dal<‘ of plant ing in grc'cnhouse. 

‘ Mean and standard error. 

J Bulbs planted in grec'nliouse on arrival. 

^ Bulbs i)lantcd in greenhouse Nov. 2 (except Croft). 

^ Cnheated eoldfraine. 

The storage tenip(*ratur(^s and intervals and tJie fortung data are 
detailed in table 2. An ind(*x of the size of flowt‘r, that is, th(^ product 
of th(' length by the diameter of the llowc'r wlien approximately prim(‘, 
is also presented in table 2. This indcLX is btdit^vcHl to be a more 
reliable nuiisure than length or diameter alone, sinc(‘- these mtaisures 
change as the flower optuis and fad(‘s but tend to equalize each other 
in the ind(‘X. Th(». differ(uice between any two means is treated as 
significant (r)-])ercent level) when found to be twici' its standard error. 

Bulbs kept in cool storage bloomed in a shorter time from date of 
planting than the controls in all cases, the difhu-c'nces proving highly 
significant with rare excejitions (0237, lot 4). However, the a(‘tual 
dates of blooming were m^ver significantly earlicu- tlian tliose of tlie 
untreat(Hl lots. Tln^ maximum eH(»cts of storages treatmfmts appear 
in Creole Ci37, the stock shipped to Beltsville (liree.t from Louisiana. 
Significant shortening of tin? number of days requirful for flowering of 
stored lots appeared in all the varieties tested, indicating that the 
acc(derating effect of low temperature is not pecuiliar to any oiu'. type 
of Easter lily. The degree of acc(Jeration of flowering brought about 
by cool storage again varied among varieties, but the variety most 
influenc(>d by treatment in 1935-36 (Croft) was relatively unre- 
sponsive in 1936-37. Moreover, tin*, control lots of the two stocks of 
Creole included in the 1936-37 trials showtnl a striking difference in 
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blooming; tinn*. This is most probably attributable to handling: before 
these two stocks rc'ached Beltsville, since all commercial Creoles an* 
grown and harv(‘sted under rather closely comparable conditions. 
Tlu* (‘ffect of cool storage is cumulative, and Creole C237 appar(*ntly 
had undergoiH* some cooling before it was received. Additional cool 
storage applied to a commercial lot already (‘xposed to some similar 
treatment still shows a significant shortening of the time required for 
blooming, but tlu^ full effect of the treatment is obscured by the failure 
of the control lot to show the expectcnl delay in flowering. It seems 
futile, th(*refore, to attempt to d(^termine varietal diffc^rencc s in re- 
sponse to these* treatments by using material so diverse in origin and 
]>rior liandling, Geuietic differences in capacity to respond presumably 
occur, but they are hopelessly confounded with physiological differ- 
(‘iices due to diffeu'ent sites of production and methods of handling. 

Storage at 7)0° F. was in general more^ ('ffcH'tive in inducing earlin(*ss 
than either 40° or 32° for comparabh* intervals, but the difference's are 
not consistently significant. This point is suggested in the data in 
tables 2, but will be shown more clearly later. Storage at 50° or 40° 
for 10 weeks induced more prompt blooming for all lots than 5 weeks’ 
storage at the same temperature. The lots stored 17 w'(u*ks at 32° 
all bloomed much more promptly than comparable lots stoned for 
shorter periods. These lots (No. 10) of course received tlu^ additional 
stimulus of higlier greenhouse t(unpt*rature, which rises beyond 
control in May at B(*ltsville, Md. 

The time* re(juir(*(l for the plant to (*nierge from the soil shows grc'at 
irregularity, Sonu^ stocks (Creole Ci37, Early Erabu, Erabu, and 
Harrisii) emerged more promptly after storage* tnaitment. This was 
a material advantage in Harrisii, which w^as slow to eme^rge wiieii not 
placed in cool storage. Apparently cool storage reduces the impoi- 
tance of the common practice of starting l)ulbs at a low^ temperature, 
which is raised after growih has start(*d. Storage at. 50° F. for 10 
weeks was followed by prompt emergence of all varieties (*xcept 
Harrisii. Both shoot and root growth occurred at this t(unperature, 
but the resulting plants were not salable because the etiolated shoots 
developed in storage never expanded to normal siz(*. Moist storage 
at 50° should not be practiced except for short iiit/(*rvals, such as 4 
to 0 weeks, as a means of inducing extreme earliness. 

That cool storage lias a tendency to induce flowering whih^ the 
plants are short is show n in table 2 by significant shortness of plants 
in all lots stored 10 weeks or more at 32°, 40°, or 50° F. The 5-week 
storage intervals in general showed no significant r(*duetion in height. 
There was also a tendency for cool-stored bulbs to produce fewer 
flow(*rs than the controls. This point is illustrated in table 2 by the 
number of flowers in lots stored 10 weeks or more, which is usually, 
but not always, significantly lower than the number for the correspond- 
ing control lot. The effects of cool storage on both height and number 
of flowers are better illustrated in data to be discussed in a later 
section (p. 328). 

The interval betw^een the first and last flowers on a single plant, 
wdiich was visualized as an index of duration of attractiveness of a 
lily as a pot plant, w^as also measured. The data have not proved 
very helpful, however, so they are not included. They appear to be 
dependent on the number of flowei’s per plant as well as on the lasting 
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qijaliti(‘S of individual flowors and on other factors. Low values ob- 
tained for the lots stored for 10 weeks at 50° F. are largely a rc'flection 
of a reduced number of flowcTs in these lots. 

Tlui mean size of flow(*r is a v(U*y stable characteristic of the variety 
as comi)ar(‘d with other cliaractcTistics shown in table 2. Ycry few 
dilTer(*nces in this column show evidence of significance. 

1937 38 EXPERIMENT 

CREOLE VARIETY 

Since comparisons of varietal response had not proved enlightening, 
the 1937 38 (‘xpeuiments were confined chiefly to the Creole variety, 
which could be obtaimal shortly after digging, with the addition of a 
simple interval test with Harrisii designed to extend th(» bloom of this 
variety over 2 oj* 3 months. Both varieties were received on August 
2G direct from pinducing arenas with no exposure to cool storage before 
shipment. Storage trials were set up immediately on receipt of the 
stocks. 

The t‘Xperiments wcuv intended to provide comparisons between 
moistened-p(‘at and dry-soil storage and also to afford an opportunitj" 
to examini' further the effect of the length of the storage interval. 
The 40° and 50° F. storage trials were not carricHl beyond 15 weeks’ 
duration, since the 1936-37 results had shown that these temperatures, 
if long continued, W(»re likely to produce unfavorable effects. The 
32° storage was continu(‘(l up to 60 weeks to determiiK' the tolerance 
of the Creoh' variety to this hmperature, which in previous trials had 
appeared haist deleterious in its eff(H‘.ts oh forcing quality. It was 
hoped that- the bloom of the Creole vaih^ty could be extend(»d through- 
out an (*ntir(' (‘alendar year by suitable storage manipulation. This 
result was indcMnl attained, but the average forcing quality of the 7- 
to 9-inch bulbs was poor after 60 weeks’ storage at 32°. 

The 1937-38 trials with the Creole variety are summarized in table 
3. It will b(‘ noted at once that the number of days required to bloom 
is very greatly reduced by all storage practices included in these trials. 
In fact, all 5 weehs’ treatments, all 10 weeks’ treatments, and 2 of the 
15 weeks’ treatments were significantly earlier in actual date of bloom- 
ing than th(^ control lot, which flowered during Easter week. These 
differences are readily visualized by reference to figure 1. These 
clear-cut differences, which contrast with the less satisfactory results 
of the previous year, are attributed to the fact tliat this Creole stock 
was received bcdorc it had been subjected to previous storage. 

The earliest bloom was produced by lot 4, which was stored 5 weeks 
at 50° F. in moist peat. The flowers were of satisfactory size and 
quality but sharply reduced in number (3.6 per plant), and the plants 
were significantly shorter than the controls; however, they were very 
acceptabhi Easter lilies for February. Lot 7, stored dry at 50° for 5 
weeks, bloomed about 14 days later, with no significant improvement 
in the number of flowers. Longer storage at 50° (10 weeks and 15 
weeks, dry) reduced the number of flowei'S to about two per plant. It 
seems clear that long storage at 50° is undesirable, and that this tem- 
perature is us(*ful only in inducing extreme earliness of bloom. 











Table 3. — Effect of storage treatment on time of blooming and quality of flowers of the varieties Creole and Harrisii in 1937-38 
CREOLE Ci88 (MEAN CIRCUMFERENCE OF BU LBS, 7.<>4±0.a5 INCHES) 
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* 25 plants in each lot of Creole and 40 plants in each lot of Harrisii. ♦ Bulbs planted in greenhouse on arrival. 

2 From date of planting in greenhouse, « Unheated coldframe. 

* Mean and standard error. , » All bulbs up when brought into greenhouse. 
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A conipaiison of five pairs of lots stored in moistened peat and dry- 
soil pack at the same temperatures and intervals (fig. 2) shows that 
the moist pack induced earlier bloom. From these five pairs the mean 
dift‘erenc(» in time of blooming is 8.66 days, and the odds exceed the 
5-percent level and approach the 1-percent level of significance. 
The individual diff(T(Mices in time of blooming are each statistically 
significant, but are too small to assume any practical significance 
('xcept where maximum earliiu'ss is desired. These differences in 
general could have Ix'cn made up more conveniently by raising the 
forcing temperature, which is considerably less trouble (although 
possibly more expensive) than repacking in moist peat. Wlu're 
maximum earliness is required the two methods could be combined. 
All the writer's trials thus far have been run at a comparatively cool 
forcing temperature. An increase of 10° F. during January pre- 
sumably would have advanced the earliest flowering date (February 24) 
still further. 

Further consideration of the mc^an dates of bloom in table 3 reveals 
that lots stored at 32° F. in dry x^ack, i. e., in original contaiiKTs, 
were the last, or among the last, to bloom in each storage-interval 
group. Th(i differences between storage at 32° dry and that at 50° 
dry are always significant, but storage at 32° does not always difler 
significantly in effect from that at 40°. Similar comparison of the 
data for the number of flowers from these lots shows that 32° storage 
was always followed by more flow^ers per plant than 50° stot*age. 
The differences between 32° and 40° storage are smaller and not 
all are significant, but when real differences appear they shoAv more 
flowers from lots stored at 32°. When t tests are applied to four 
available pairs of measurements, lots stored at 32° and 40° are found 
to flower significantly later than those at 50°, and lots at 32° excc'ed 
those at 50° in number of floAvers by a highly significant differ 
ence. These data show 32° to be the best of the temperatures tested 
for holding Easter lilies for long periods with minimum detiu'ioration 
of forcing quality. 

The effect of progressively longer intervals of storage at 32° F. 
in dry-soil pack is shown in the bar charts in figure' 3, X)lotted from 
data included in talile 3. It appears from the' chart that the effect 
of continued storage in stimulating early bloom is cumulative. The 
form of the chart suggests a curvilinear relation, in which additional 
increments of storage have a reduced effect in stimulating earliness. 
The fa(!t that the suggested curve is obviously not a smooth one is 
perhai)s explainable as diu'- to temperature differences during forcing. 
The decline in number of flowers shows a similar trend but is less 
smoothly (expressed. The effect of storages at 32° on height is not 
uniform in trend, but reft'rence to table 3 will show a rather consistent 
decline in height with progressively increasing periods of 50° dry 
storage. 

The data for days to emergence are also presented in figure 3, B, 
and table 3. All stored lots emerged more promptly than the control 
lot, and the differences are significant though not large. Tlie mean 
difference in time of emergence between moist and dry storage at the 
same temperature and storage duration is 6.63 days, a significant 
value. The five individual dilferences are always in favor of moist 
storage but are not always individually significant. Longer periods of 





328 


Journal of Agricultural Research 


Vol. 62, No. 6 


dry storage at 40® F. show slower emergence than comparable lots 
stort'd similarly at 32® or 50®, but these differences are significant only 
in the 15-week interval. The t test shows no significant differences 
in days to emerge bc^tween 32® and 40®, 40® and 50®, nor 32® and 50® 
storage wh(‘n th(‘ four available compaiisons are grouped. In general, 
the Creole vari('ty is not difficult to get up, but cool storage and the 
presence of moisture hasten its (^mergence. 

Decline in lu'ight of the plants after storage' treatment is notable 
chi(41y in the longer storage intervals at 50® F., but it is also evident 
after very long storage at 32®. 

The number of flowers per plant drops sharply from the control 
value in all stored lots, the nearest approach to the control appearing 
in the coldframe lot. This drop in number is more rapid at 40® F. 
than at 32®, and moic' rapid at 50® than at 40®, in all comparisons 
available. A highly significant f value is found for the four compari- 
sons between 32® and 50®, l)Ut other comparisons, 32® as compared 
with 40®, and 40® as compared with 50® yi('ld nonsignificant values. 
Even in 32® storage the decline in number of flowers is the chief limit- 
ing factor dc'termining the length of time that bulbs of the 7- to 9-inch 
si 7 .e may be held (fig. 3, D) without too serious effects in forcing quality. 

The numbt'r of leaves developed per plant shows a close parallel 
in declim? to the number of days required to bloom and to tlie numb(*r 
of flowers developed per plant (fig. 3, A, />, E). Again the decline 
is greater at 50® F. storage than at 32®, gr(^ater at 40® than at 32®, 
and greater with progressive intervals at tlu' same storage. Not all 
the individual differences are significant, but general trends are evi- 
dent. Applying t tests to four available comparisons, lots stored 
at 32® show a significantly liigher leaf count than lots stort'd at 
either 40® or 50°. In addition to the decline in number of haivc's, a 
decline in size of th(‘. lower leaves becomes more and more evich'ut 
with increasing storage intervals. 

No measurements of leaf size have bc'en made, l)ut th(' effect is 
evident in figures 4 and 5. Bulbs stored 15 weeks or more hav(‘ in- 
completely developed lowt^r leaves. Some of those stored for 00 
weeks developed leaves irregularly; the lowermost leavers were n'duced 
to scales, and some midway up the stcun also remained rudimentary 
in form. 

Size of flower again appears as a relatively stable characteristic, 
with very few diff(>rences approaching the 5-perc(»nt lev(d of signifi- 
canc(% and no lot differing significantly from the control lot. 

The Creole lot which was stored dry for 00 weeks at 32® F. was 
scattered in the greenhouse, five plants at each of five situations 
(blocks), to afford a measure of place effects in this particular house. 
Two lots were plac(‘d near the inner end of the house, nearest the 
steam pipes most frequently used, two lots at the opposite end of the 
house nearest the outside door, and the fifth lot in th(^ center. On 
analysis of variance, no significant differences were found between 
blocks for any of the six characteristics measured. The two blocks 
nearest the inside door bloomed earlier, but not significantly earlier, 
than the remaining three blocks. Although there appeanni to be a 
temperature gradient from the inner to the outer end of the green- 
house, the writer failed to demonstrate a significant difference due to 
position in this trial. It is thought that the place effects measured 
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here represent a maximum, since the plants were grown October 20 
to February 22, wlien steam was used rt^gularly and loss of heat 
through the outside door was greatest, and the lots were so distributed 
as to include maximum tcuiiperature differences in the house. Al- 
though the treatments were not randomized through the greenhouse, 
place effects probably do not seriously affcK't the general conclusions 
presented in this paper, but they may account for 9om(» of the irregu- 
larity in trends shown in figure 3. 



Figure 5. — Creole Easter lilies in bloom January 12, 1939, after 60 weeks’ storaj?e 
in dry .soil at 32° E. and 94 days in the greenhouse. Note reduced number of 
leaves and flowers and imperfect leaf development. F'or comparison, one plant 
(at extreme right) is from a new crop commercial Creole bulb not subjected to 
cool storage, after 97 days in the greenhouse. 


HARRISII VARIETY 

The tn'atrncnts and data for the 1937-38 Hurrisii stock are shown 
in table 3. These data are of interest chiefly because of the differences 
showm between the Harrisii and Creole varieti(‘S when treated alike, 
and because of certain marked departures in behavior of the Harrisii 
stock under discussion from that of tin* Harrisii stock of 1936-37. 
If th(^ data for Harrisii are compared with those for Cr(H)le (table 3), 
it is found that in untreated lots (lot 1) Harrisii was a month earlier, 
but after 5 weeks in dry storage at 40° F. Creole was the earlier; after 
10 and 15 weeks Creole was again the ('arlier. Thus Harrisii proved 
earlier but less responsive to cool storage than Creole in these samples. 
None of the storage treatments applied to Harrisii (40° dry, for 5, 
10, 15 weeks) advanced the actual date of flowering, while Creole 
exposed to the same treatment flowered in advance of the control 
after both 5 and 10 weeks^ storage, and after 15 weeks it flowered at 
essentially the same time as the control lot. However, all three inter- 
vals at 40° shortened the number of days required to bloom after 
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planting in both varieties. In Ilarrisii the number of flowers per 
plant declined steadily with progressively longer storage intervals, 
with all differences significant. After comparable storage intervals 
the number of Creole flowers dropped sharply after 5 weeks’ storage, 
remained unchanged after 10 weeks, then dropped lower after 15 
weeks. In Harrisii the size of flower increased steadily with increasing 
time in storag(?; in Crc^ole no such change was evident. Incidentally, 
the significant increase in Harrisii is believed to be due not to storage, 
but to environmental factors that becaiiK^ successively more favorable 
for growth and dev('lopment as these lots flowered. Such comparisons 
between these two varieties are probably sound, since the two pre- 
sumably matured and wei*e harvested at the same time and were 
without storage treatment before arrival. It is still conceivable that 
the environmental effects of the' two production areas wiue responsible 
for the differences observed, but this evidc^nce is the best the writer 
has ol)tained thus far to show that (‘ommercial stocks differ in capacity 
to resfjond to cool storage. 

A com])arison of the Harrisii stock of 193fi--37 (table 2) with that of 
1937- 38 ( table 3) shows som<' striking differences. The 1930-37 stock 
was purchased through a New York dealer and K^acluHl Beltsvillc one 
month later in the season than the 1937-38 stock, which was bought 
dirc'ct from a producer in Bermuda. The l)ulbs in the two lots were 
of the same size and grad(% and received similar treatment by the 
writ(‘r except that more varied treatments were imposed on the earlier 
lot. Th(‘ 1937-38 untreated lot emerged much more promptly, 
blooiiK'd earlier, and produced twice as many flowers per plant as 
the corr(*sponding lot of tin* preceding yc^ar. The response to storage 
was similar in th(‘ 2 years; in neither year did any stored lot bloom 
before the control lot. It seems probabh^. that th(' 1936-37 stock of 
Ilarrisii receiv(*d soiiu* unfavorable treatment bedore reaching Belts- 
ville. Since the evidence presented above indicates that Harrisii 
is somewhat divergi^nt from otlier Easter lili(*s in response to storage, 
it is possible that the vari(‘ty suffers adv(n*se effects from routine bulb- 
storage practices. 

CORRELATION AMONG THE CHARACTERISTICS MEASURED 

Cool storage is utilized chiefly to advance or r(*tard the date of 
flowering in Easter lilies, but a number of other characteristics recorded 
in this study such as number of leaves and number of flowers, appeared 
to be strongly modified by the treatments. It is of considerable 
interest to h^arn how closely tlu'se characteristics arc' correlated, or 
liow strong is thc'ir t('nd(*ncy to respond togc'thcn' to storage' treatments. 
Simple correlation coc'fficients have bec'ii computed for all possible 
pairs of the seven characteristics mc'asured in the Creole variety 
and of th(> six measured in the Harrisii variety in the 1937-38 trials, 

Becaiise of the large number of degrees of freedom, even very low 
correlation coefficients have statistical significance; how(*ver, com- 
paratively few pairs of characteristics show close association. The 
square of the value of r is sometimes used as an indc'x of percentage 
correlation. For example, in the Creole vari('ty, 52 percent of the 
variation in height, 37 percent of that in number of flowers, 77 per- 
cent of that in number of leaves, and 30 percent of that in duration 
of bloom are found associated with days to blooming. Consequentl}^ 
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treatments designed to accelerate bloom may bo expected to reduce 
the number of leaves, and they are also likely to reduce height, number 
of flowers, and duration of bloom. Number of flowers shows a 57- 
percerit correlation with number of leaves. Few of the other relation- 
ships are sufficiently close to assume practical importance. Size of 
the flower shows little or no correlation with other factors studied in 
the Creole variety. 

The Harrisii variety included only 160 recorded individuals, and 
less varied treatments were imposed on these than on Creole. Few 
of the correlation values are high, although many are significant. 
Some differences in varietal tendency appear. Accelerated flowering 
is associated to the degree of 25 percent with taller plants in Harrisii, 
but to 52 percent with shorter plants in Creole. There is a 25-percent 
tendency for late-blooming plants of Harrisii to bear larger flowers, 
but no relation at all appears between days to bloom and size of flower 
in Creole. As explained above, there is some reason to believe 
that Harrisii disf)lays different responses to storage, from those of 
Creole, but the differences found luTe may result chiefly from sampling 
during part of the calendar year with Harrisii (March to May) 
and during the entire year (February to January) with Creole. 

1938 39 EXPERIMBINT 

No formal storage trials were planned for the season of 1938-139 
but the performance of one lot stored and forced for early vegetative 
growth for other purposes seems of sufficient interest to report. wSecul- 
ling Easter lilies were* dug at Charleston, S. C., on July 13, 22 months 
from seed. At this time some of the tops w^ere w ell matured and some 
still green. A random schn^tion of five seedlings from each of five 
progenies made up the experimental lot. Tlu^ bulbs were shipp(‘d 
to Beltsville, Md., and stored in moistened peat at 50® F. from July 
22 to September 2, or 6 weeks. On the latter date they wc^rc potted 
into 4- or 6-inch pots according to size, and were forced under the 
conditions of previous trials. A large number produced flowers at 
far earlier dates than any lot of new^ crop East(u* lilies previously 
forced. The range of flowering dates was Dt cernber 10 to January 
17 for the 25 bulbs from which data were collected. The mean flow^- 
ering date was January 2. The plants required 121.4 ±2.25 days to 
bloom, and bore 2.6 ±0.32 flowers per bulb, at a height of 18.3 ±1.24 
inches above the soil. 

These data suggest that Easter lilies for December and January 
bloom should be produced from new crop bulbs rather than from 
stored bulbs of the previous season, provided the new crop bulbs can 
be prepared safely and consistently. The new crop lilies compared 
very favorably with stored Creoles of the previous season. At 
least four factors may be utilized in inducing maximum earlincss of 
bloom in new crop Easter lilies: Genetic earliness, early digging, cool 
storing, and forcing at comparatively high temperatures. Consid- 
erably more detailed information on the hazards involved and on 
the most eflScient combination of these factors is needed before new 
crop lilies will appear on the market at Christmas, but this objective 
should be attainable. 
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DISCUSSION 

The control of flowering time in bulbous plants by suitable manipula- 
tion of storages temj)eratur(‘s ba.s long been in commercial use. 
Workers at the Wageningen and Liss(> laboratories in the Neth(*rlan<ls 
have made detail(‘d stiulies of the seasonal change's in bulbs of hya- 
cinth, tulip, and narcissus.^ The Netherlands workers have (h'te'r- 
inined the tempe'rature' n'quirements for organ formation and for 
elongation in these bullis, and have tlieui devised temperature seHpK^nces 
for early and for lat(‘ forcing. 

Pf(*itler studied the suc(*('ssive stages of development of the' 
floral axis in bulbs of Ber-muda Ilarrisii lilies stored at 10° to 13° C. 
(r)0° to 55.4° F.) and in Japanese (liganteum storcal at 3° C. (37.4° 
F.). Ilarrisii bulbs receive<l in August were in the v(‘getative stage, 
which persist ('d to mid-OctoIxw when tlu' jyrediflVrtmtiation stage of 
th(‘ terminal bud was recognizable. In tlu* variety (.ligantiMirn, Inilbs 
received in Di'cemlxM- alrtauly showed evidence of the predifl‘(a*entia- 
tion stag(v, but floral organs were not recognizabh' in storage until 
April 10. Devi'lopnuuit in storage was slow in both varieties, but 
the cumulative (dfect of this dc‘V(4opment brought more rapid (‘om- 
plelion of the flower primordia after planting and luuic(' rnoii' prom])t 
blooming. 

No mor])bological study of iIk' (h*eole variedy, which was used chii'lly 
in th(‘ pr(*s(‘nt study, is availabh'. It may be assumed tentativudy; 
howi'ver, that the cool storage^ trcaitiiKMits were' applual mainly prior 
to difl‘er(vntiation of t be floral organs. The early stage's of bud (h've'lop- 
nu'iit and |)ossibly also the' lat(T stage of organ formation may have an 
optimum te'inpe'rature near 50° F. The observed advantages of 50° 
ovc'r 32° storage, anel se)me of the diflere'nce's in j)erforman(‘e of the' 
seve*ral varie'tie's anel of ditt’ere'iit stocks of the sajne variety may thus 
be* e*xf)lainable on the* basis of the temperatin-e re(|uire‘me*nts e)f 
succe*ssive elevelopme*ntaI phase's within the bulbs. 

l^re'vious studies of the ell’ead. of coed storage e)n the pe'rformane'e* of 
Easter lilie's re'planted in the fie'ld have be*e*n made in Bermuda ^ and 
in Floriela. ^ In the Be’rmuela expe'riment, l)ulbs of the Ilarrisii variety 
were subjected to 37° F. storage in sand for monthly {)eriods ranging 
from 0 to 4 months, be'ginning Septe'inber 18, about 8 or 10 we*eks 
after harvest. The* bulbs subjected to (‘ool storage eme*rge*d and 
bloomed more*, promptly but proelue^enl fe'wer floweis than e*e)ntrols 
plant e*(l at the st art of the ste)!-age trial; there was an actual advance* 
over the controls in the flowering date of the lots store'd 1 and 2 months. 
The* authors of the Bermuda report state'd that the decline in number eif 
flowe'rs per bulb resulted from ordinary storage as well as from cool 
storages Shippy ® found that the Florida strain of Easteu* lily (similar 
to Creole and pt*rhaps identical with it) emerges and blooms earlier 
in Florida field culture after a i)eriod of cool storage. A temp<*rature 
of 40° F. and a packing of dry sand were used. Shippy vari(*d the 

2 PliRVIS, O. M. RECENT lUTTCH RESKARCH ON THE GROWTH AND FI.OWKBING OF RUI.HS. I. THE TEM- 

1’f.ratuhe requirements or hyacinths. Sci. Hurt. [Wy«, Kent] 5; 127-140, illus. I9:i7. 

recent dutch work on the growth and flowering of bulbs. II. the temferatukk require- 
ments OF TULIPS AND DAFFODILS. Sci. Hort. [Wye, Kent] 6: 100-177, illus. 19;is. 

^ PPEiPFER. Norma E. development of the floral axis and new bud in imported kastkr lilie.s. 
Poyw Thomp.son Inst. Contrib. 7:311-321, Illus. 1935. 

* Bermuda Department of Agriculture, an experiment on cold storage of i.icy bulbs, Ber- 
muda Dept. Agr., Agr. Bui. 14: 52-54. 193,5. . 

''Shippy, William B. factors affecting raster lily flower production in Florida. Fla. Agr. 
t-xpt. Sta. Bui. 312, 19 pp„ illus. 19:i7. 
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digging date and the date and duration of cooling, and included warm 
storage treatments and bulbs replanted immediately as controls. 
Bulbs were accelerated in emergence and flowering by cool storage 
for an interval of 30 days or more but not for a 21-day interval. 
A few flowers were produced in December, and more in January, 
from cool-stored bulbs replanted in the Held. The most favorable 
effects in the production of early bloom followed cool storage of 30 
days or more applied after the middle of August. Shippy found that 
f(?wer flowers were produced from cool-stored lots, but that the 
increase in number of bulbs was not similarly affected. 

The present investigation indicates that 50° F. is more effective in 
inducing early bloom than lower temperatures, and that moistened 
peat is slightly suj)erior to dry-sand pack for this purpose. It also 
appears that all possible factors subject to control and tending to 
early bloom have not yet been combined. A possible danger in digging 
before bulbs are sufficiently mature is suggested in on(> of the writer's 
tests not here detailed. 

However, early bloom is only one goal of Easter lily forcing. It is 
necessary to provide Easter lilies in every month of the year in response 
to market demand. The present study shows tliat this can be done 
with a single variety and a single digging date, but suggests that bettcT 
ways should be found for producing fall bloom. Aft(*r East(*r lily 
bulbs are held for long periods in the least deleterious storage condition 
known (32° F. dry), they are inferior in forcing performance. Com- 
merical Creole bulbs of the 7- to 9-inch size can b(' brought to flower 
from late February to September by simple manipulation of the con- 
ditions of storage, and the plants and flowers will be of satisfactory 
grade. Bulbs of larger size, commonly used for long storing in the 
trade, will probably produce satisfactory bloom from October to 
December. Ftirther research on the effects of digging date and forcing 
temperature should lead to safe provision for November to January 
bloom from new crop bulbs. The period from September to November 
probably must be covered by bulbs stored nearly a full year, the 
practice now followed with Japanese Giganteum. Bulbs of the larger 
sizes should be used, as is customary when long storage is planned. 
Present commercial practice now utilizers Erabu for early bloom and 
Gigantemn for late bloom. Although much of the year can be covered 
with a single variety such as Creole, it is perhaps doubtful whether a 
single variety can be made to perform most satisfactorily over the 
whole period. 

SUMMARY 

Storing Easter lily bulbs for 5 or more weeks at 32° to 50° F. ac- 
celerates flowering. Storage at 50° is more effective than at 40° or 
32° in producing this effect. Bulbs packed in moistened peat moss 
during the storage interval flowered slightly in advance of those packed 
in dry soil or sand. 

Storage for 10 weeks or more at 50° F. is distinctly deleterious, 
reducing the number of flowers and the number of leaves per plant. 
Similar effects rc'sult from storage for longer intervals at 40°. Storage 
at 32° in dry sapd kept Creole Easter lilies with less deleterious effects 
on forcing quality than at 40° or 50°. After 45 weeks at 32° the 
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quality was barely acceptable, and after 60 weeks the average per- 
formance of 7- to 9-inch bulbs was poor. 

Effcicts of cool storage on time requirt'd for tlu) plants to emerge 
from the soil and on the height of the plant are less consistently 
evident, but when differences appear tlu^y are in the direction of de- 
cline from the level shown by control plants not subjected to storage. 
The size of the flower is a relatively constant characteristic of the 
variety, and is litth^ affected by storage of the bulbs. 

It appi'ars probable that new crop bulbs of early varieties can be 
forced for Christmas by suitabh* combination of early harvest and 
cool storage tre^atment. 

Cool storage of Easter lily bulbs is a convt‘nient primary control 
over time of flow(*ring. The customary control facdor, forcing tem- 
peratUK*, can b(‘ used as a fine adjustment after this primary control 
has be(ui applied. 




A STUDY OF VARIOUS METHODS OF PRESERVING 
LEGUMES AND OTHER FORAGES BY ENSILING ‘ 


By B. Connor Johnson, nsmrch asftistonl iri biocheniislry, W. H. Pkteiison, ;;ro- 
of biocJierm D. Mark Heosted, research assislnni m biochemislr y ^ awd 

(5. Bohstedt, professor of animal and dairy husbandry^ Mfsconsin Agriculi oral 

Experiment Station 

INTRODUCTION 

Duriiifi: lh(^ past 20 years llK're have appi^ariMl Ihrcu* prineipal 
iiH'thods of pi'esiTvin^ h'giinies by ensiling. Th(‘se are the A. 1. V. 
proc(‘ss dev(‘lop('(l by A. 1. Virtaneii ( 3 , 37 , 38 )“ tli(‘ rnolassc^s method 
fii’st used at tlu' Kansas Agrieulliiral Experiment vStation { 27 , 33 , 34 ), 
and the phosphorie arid m(‘lliod that seems to have been first pioposed 
by Virtanen ( 37 ). Th(‘ present WTit(a*s have* be*en inteTe'steel in the 
pri'paration of silage's from a large* varie'ty of forage* e^rops by the above* 
metliods and by a niimb(*r of other h*ss well-e*stablisheel pioce'dures. 

In oj-de*r to eleedde* whetbe*r a particular pre)ee*dure was suitable for 
trial on a silo se*ale* it has be'e'ii the* practice* at this station te) try e)ut 
sucli a prex-edure* first on bottle or barre*l lots. The re*snlts of the 
preliminary trials proveel to be* ve'ry rtdialde* gniele*s as to what might 
be expeeite*d ein a large'r se-ede*. Foi* e'xample, alfalfa f)ut up by the 
A. J. V. methoel has invariably been goe)el in bottle's, barre'ls, e)r silos. 
7’‘he.* same has bee*n true of alfalfa silage made with i)he)sphorie‘ acid 
or molasses when the*se w^ei-e* iise'd at the rate of 30 and (>0 pounds per 
ton, re*spe‘(*tive*ly. Poor silage* has been the rule*, irrespective of the 
ty])e of coutaine*!*, when ne) pre>se*rvalive was adeleel. With beittle* or 
barre‘1 lots particular care* must be* obse*rve'd to j)ae*k the* feirage tightly 
so as to ('xeduele air. 

The* silagc's w'e*re* analyze'el fe)r elry matter, pH value*, carotene, and 
in seime case's ammonia anel total nitre)gen as an additional check on 
pre*se*i’vatie)n. The* analyse*s of meist interest are pH value, which is 
a goeiel crite*rion of ])je*se*rvalion, and ^-carotene, which is nece^ssary 
fe)r the* pi'eieliiction e)f winter milk of high vitamin A potene\y. 

In case*s wlu're sufFieuent mate*rial was available*, feeeiing tests were 
maele* with e*ows e)f the Unive'rsity herd to determine* the palatability 
of the* silage*. 

PREPARATION OF SILAGES 

BOTTLE SILAGES 

The^ bottle* silages w^e're prepared by mixing by hand 1 kg. of the 
fre*shly e*ut and chopped forage* with the appropriates amount of 
presei'vative. A quarts milk bottle* w as lilled with the material and 
closeel wdth a rubbe»r stoppe*!* containing a Bunsen valve. The 
mateiial must be pre*ssed in very tightly with a round flat-end stick, 
such as a hammer handle, to prev(*nt mold grow 111. With material 

J for piiblicfttion 9, 1910. rro.«ente<l in pari, boforo tli»' Division of .\pTiculluniI and 

Food e^hemistry of the Arnorioan Chemical Society at the September 1910 nieelinp at Detroit, Mich. 

* Italic numbers in parentheses refer to Literature Cited, p, 340. 
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containing 25 percent or less of dry matter, an index of good packing 
is the accumulation of juice on t<)p of the material. A bottle holds 
approximately 750 gra. of silage. Tabh* 1 gives the analytical results 
on the bottle silages. 

Table 1. The effect of rartous preservalives on the composition and quality of 

silaye. in bottle experiments 


T.ot 

No.’ 


.0-0 . . 

S-.'i 

S-7 
X-9 
8-11 
» :i7 

O-Ofl . . 

9-na 
y-28 . 

S-fJ.'i . . . 

8- 04 . 

8 I 
8-2 
0-0 
0-3 - 
0-2 - 
U-13 

9 - 2fi 

9-10 

9-20 

9-22 

8-14 

S-l.S . 
8-10 
8-17 .... 

8-18 

8- 19 

9- 1 
9-1 1 

9 4 

9 8 .. 

0-18 . 
0-19 - 

0 - 20 . 

7. 8-0 
7-1.- . 


Material 2 

'I'reatment 

l*reservative 
addeti per 
ton 

Dry- 

mat- 

ter 

con- 

ti'iil 

pH 

value 

Caro- 
tene 
per 
gram 
f>f dry 

Quality of 
silage 3 






matter 


1 



Per- 







cent 


"y 1 
108 ; 


Alfalfa (.5) 

None - : 


25.3 { 

6. 1 

I ’cor. 

Alfalfa - 

A.I.V 

79 liters of 2N 

27. 2 

4.0 


Good. 



acid. 





do 

(’orn meal 

30 pounds . _ 

22. 2 

6. 5 

244 

I’oor. 

Alfalfa (2) 

-do . 

(iO (HHinds 

22.0 

6.3 

182 

Do 

Alfalfa 

do 

IK) pounds 

24. 2 1 

6. 3 

231 

i)f». 

Alfalfa (2) 

do 

120 pounds 

25. 2 

4.0 

174 

Fairly eood. 

Alfalfa 

Soured-whey con- 

70 pounds 

35. 5 

4. 5 

190 

Do. 


centrate. 






-do 

do 

140 i)otin<is. 

32. 0 

4. 5 

207 

Good. 

da 

.. do 

280 j)oiiri<is 

32. 5 

4.3 

200 

Do. 

- . do 

Sulfamic acid 

50 fioumls 

28. 0 

4. 0 

181 

Fair. 

<lo 

...do 

80 pounds 

20. 5 

1 4.5 

298 

I.)o. 

do 

-do 

100 pounds 

21.0 

! 3. 4 

327 

D('. 

do 

Wht^y i)ow'der 

20 pounds 

24. 0 

4. 7 

226 

Poor. 

do 

do ! 

1 80 pounds 

24. 3 

i 4. 3 

207 

Good. 

Alfalfa and (’(jm (1-1) 

None 1 


23. 0 

1 4.4 

'I'raee 

Fairly good. 

Alfalfa ami rye (1-1) 

do . 1 


21.0 

4. 0 


( Fair. 

Corn 

do 


21). 0 

I 3.7 


i Good. 

Clover and tiniothv 

do ! 

.... 

24. 7 

5. 0 

241 

I’oor. 

(2),. 1 







...do 

A. J. V 

70 liters of 2. N | 

25. 0 

3.9 

160 

Good. 



aeid. 




do 

T’lujsphoric acid 

30 poutids 1 

20. 5 

1.0 

212 

! Df!. 

Clover uful timothy 

Molasses 

70 poumls 

25. 0 

4.3 

208 

Do. 

do 

Sonre(i nn)las.‘a‘s 

1 00 pounds 

20. 0 

4.0 

210 

! Do. 

f'lovc'r (red) 

A.I.V 

1 70 liters of 2N 

25. 0 

3.9 

08 

1 Do. 



1 a<-id. 



j 

j 

. <io 

Chosphorie acid . i 

1 30 pounds . 

20. 1 

-4.0 

10‘i 

Do. 

. do 

1 Molasses 

1 70 pounds . 

20. 5 

4.2 

SO 

D.c 

Grass (lawn) 

A. I. V 

70 liters of 2N 

24. 5 

3.9 

J90 

Do. 



acid. 



1 

j 

. do . . 

I’hosi)horic aei<l 

30 pounds 

25. 0 

4. 1 ! 

102 1 

I Do. 

- do 

Molasses 

70 iM)unds 

20. 2 

4,3 1 

1 62 

Do. 

Oats and peas 

None 

18.2 

4.6 

34(1 

Fair. 

do 

A.I.V 

70 liters of 2. \ 

10.6 

3.8 

371 

1 Good. 



acid. 




1 

do _ 

Pho.s()horie acid 

30 pcnimls 

17. 0 

3. 9 

303 

Do. 

<lo 

Molasvses 

i 70 1)011 rids 

18.0 

4.0 

371 

Do. 

Sweetelover 

None 


36. 6 

4. 6 


Poor. 

do 

M o]as.scs 

40 }>ounds 

35. 5 

4.3 


Good. 

do 

do 

100 pounds 

36. 6 

4. 2 


Do. 

Sudan grass (2) . 

None . .. . 

20.2 

6.0 


P(M)r. 

Sudan grass 

A.I.V - 

50 liters of 2N ; 

24. 0 1 

4.4 


Good. 



acid, j 






Molasses. . .. 

70 pounds . - 

20.8 

4. 1 


Do. 


j I’o aid in coinparinp various lots, ttie first number refers to the year and the second to tlu* sanii)le, e. c., 
6-9 refers to 1935 bottle No. 9, 

2 Figures in parentheses denote t he number of samples averaged. 

3 Quality basetl on appeurancii, odor, and chemical anaJy.ses. 


BARREL SILAGES 

The barrel silages were prepared as follows: 200 pounds of the 
freslily cut and chopped forage were mixed with the correct amount 
of preservative and the mixture was put into a wooden barrel. The 
material was well tramped down during the filling. The upper hoops 
were left off the barrel during the packing, and after the barrel was 
tightly packed to above the top the head was forced in and the hoops 
were replaced. Table 2 gives the analytical data on the barrel silages. 



Table 2. — The effect of various preservatives on the composition and quality of silage in barrel experiments 
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EXPERIMENTAL RESULTS 

NO PRESERVATIVE ADDED 

The various legume forages, when put up with no preservative 
added, gave variable results (tables 1, 2, 3). The bottle silages were 
mostly poor. The best samples from the barrel silages were those 
that had been v(uy w(»ll packed. In 1939 the packing was not so 
well done and much poorer silage was obtained. Although the 
alfalfa with no pn'servative was well down in the silo with 20 tons of 
other sifage on top of it, still it was poor. While it is possible on 
occasion to get good silage from fresh material without added pre- 
servative, th(‘ procedure is not to be recommended. 

Cooper {6) found that spoilage almost invariably n^sulted wlu'n 
gre(m alfalfa was put up without added preservative^. This has also 
been reported by Swanson and Tague {S/f), Schieblich (31), Newlander 
et al. (24), Politi (26), and others. Lavenir and Chaudet (If)) state 
that alfalfa put up with no preservative^ givers variable results, but 
even in the *^good” silage' they found 75 peuTeuit e)f the nitroge'u in the 
form of water-soluble' compounds and almost entirely amino nitrogen. 

On the other hanei Ne'ielig and Snyde'r (23) fe)unei that sweetclover 
(cf. table 1) gave* silage of e*xce*lle*nt epiality without the use of a pre- 
servatives. Huffman (15) summarizes the results as fedlows: 

Some rec(*nt investigations indicate that goo(J legume silage can be made^ without 
any additions, and that exclusion of air is the meiin factor to be considc'red. 

PRESERVATIVES ADDED 
Acids and Molasses 

The A. I. V. anel phosphoric acid proce'elure*s gave* generally ge)oel 
results. The* molasses silage*s improve*d with increasing amounts of 
molasses up to approximately 3 perce*nt for idfalfa and 5 pe*rce‘nt for 
soybe*ans. No difference was found be*tween the use* of cane and of 
beet molasses, nor be*twee*n dilutt*d and undilute*d molasses as pre- 
servatives. All gave uniformly gooel results. These* silages will not 
be conside*.reHl furthe*r in this pape*r, as more complete data on othe*r 
lots are* given e*Isewhere (I4, 16). 

Whey Powder 

Bottle silage treate'd with powde*re*el whey at the rate of SO pounels 
pe*T ton was geiod, but 20 pounds per ton w^as not enough. Barrel 
silage prepare*d wdth whey pow^de*r at 40 pounels per ton was good, 
but that wdth 80 pounds was better. In the* silo 30 pounds gave* fair 
re>sults. Thus it see*ms that 30”40 pounds of whey pow^eler per ton 
are require*d to make gooel alfalfa silage. 

Soured-Whey Concentrate 

Soure*d-whey concentrate was preq^ared as follows: 3,600 cc. of 
whey was incubated for 48 hours with Lactobacillus bulgaricus, at 
which time it had an acid content of 0.74 pc'rcent calculated as lactic 
acid. This solution was concentrated unde*r vacuum to 600 cc. and 
a lactic aciei content of 4.44 pe*Tcent. This concentrate was added 
at the rate of 35, 70, and 140 gm. per kilogram of forage, which 
corresponds to 420, 840 and 1,680 pounds of liquid whey per ton. 
(Whey powdt'T at 40 pounds per ton corresponds approximately to 
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660 pounds of uiiconcentrated whey per ton.) All samples of soured 
whey produced good silage, and there was a slight improvement in 
quality as the amount was increased. 

Samarani in 1913 {29) proposed the addition of dilute lactose 
solution as a fermentable carbohydrates in the pre^paration of grass 
silage. Whey has been proposed by a number of workers (f, *9, 28 j 
39) y but has not given promising results because of its low sugar 
content. Howev(‘r, very small amounts of whey, of the order of 
200 pounds per ton, w(U-e used. Wildt {39) found no advantage in 
using whey sourenl by Streptococais lactis. Allen, Watson, and 
Ferguson {1) obtained good silage with whey added at the rate of 
150 gallons per ton (1,360 pounds per ton) and with dried whey 
added so as to sujiply 1 pound of lactose per 100 pounds of green 
forage (about 28 pounds of whey powch^r per ton). In the case of 
the dried whey, they found it cliflicult to obtain even distribution; 
no such difficulty was (‘xp(uienc(‘d in the work reported here. 

COKN MEAIi 

Botth' silages pr(q)ar(Hl with amounts of corn nu*al from 30 to over 
100 pounds p(‘r ton (tabh* I) W(‘re poor, and with 120 pounds were 
only fair. The same result was found with the barrel lots (table 2). 
The addition of 0.1 percent of sulfuric acid (calculatcnl on the basis of 
fr(\sh forageO iniprov(‘d th(‘- silag(‘ sonn^what, espi'cially as to the pres- 
ervation of carotcuie. In tin* silo lot, 150 pounds of corn meal per 
toji gavt» fairl^^ good silag(% but the pH value was still slightly high 
and the cai’otene presi'rvation was ratluT low. Mowc'ver, this silage 
was very palatable and seemed to show that good tdfalfa silage can 
b(‘ niad(‘ if 150 i)ounds p(*r ton or over are ustal. 

Swanson and Tagiie in 1917-18 05//) reported good silag(‘ with 200 
pounds of corn nuail })er ton of fresh forag(‘. Th(‘v also tried germi- 
nated cori) and fouiul that it produced better results than ungerini- 
nated corn. 

SuLF.\ivtic Acid 


Sulfamic acid was used in the preparation of some bottle silages, 
and 50 to 160 pounds of 2.5 N acid per ton gave well-preserved silage. 
However, it always had a j)eculiar and rather disagreeable odor. 

Socked Mola.sse.s 

Clover-timothy forage was put up in bottles w ith molassc^s that had 
been diluted 1-3 and soured with Lactobacillus delhriickii to pH 4.07 
and a lactic acid content of 2.1 percent. This material w-as added at 
the rate of 180 pounds diluted or 60 pounds undiluted molasses per ton 
and gave good preservation and good silage. It w as somewhat l)etter 
than that put up with unsoured molasses. 

Salt 

Barrel silages were put up with 0.5 and 1.0 percent of sodiuni 
chloride, i. e., 10 and 20 pounds per ton, but w'cre poorly preserved in 
both cases. On the other hand, the silage made in the silo wnth 5 
pounds sodium chloride per ton w^as well preserved but only fairly 
palatable (table 3). 
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Wyant in 1920 (44) tried the addition of 1 percent of salt to alfalfa 
and obtained fairly good silage. Kiickler and Wachter {18) used 0.5 
percent of salt and 0.5 pendent of sugar with good results, while Lu- 
chetti {20) states that even 0.1 percent of sodium chloride favors the 
development of acidity. Virtanen {38) states that some salt is gen- 
erally added to the fodder in making ordinary (as distinct from A. 1. V.) 
silage in Firdand. T1 r> usual amount is from 0.5 to 1 percent of 
sodium chloride. Analyses are given by him for 98 such samples. 
Practically all were of poor quality witli pH values above 4.0 and 
ammonia nitrogen amounting to more than 15 percent of the total 
nitrog(‘n. 

Ph osi*h okus Pent a stj lfide 

The phosphorus pentasulttde was burned in the barrel until the 
barrel was tilled with fumes, and then the choppcnl alfalfa w«s packcnl 
into the barrel. The r(‘sults were poor, esi)ecially as regards carotene 
preservation (table 2) 

SOME OTHER METHODS OF ENSILING 
PsB OF Wilted Forage 

Barrel lots w ere put up with alfalfa that had b(M‘n wdlted to varying 
degrees, from approximately 27 to 48 pc'rc-ent dry inattt r. From table 
2 it can be seen that poor results were obtained wh(in no pri^servative 
wras added. The best results were with 46 and 48 perc(‘nt dry matter. 
With added molasses good silage w’as again ol)tained, but there was no 
advantage ovcu* the unwilted alfalfa. There were disadvantages in 
wilting, e. g., loss of nutrients, carotene, etc. In the silo the alfalfa 
that was wultcd to 40 percent dry matter gave a very moldy and un- 
palatable silage, which may have been du(' to the fact that wilted 
dried alfalfa does not jiack w^ell (77, 25). How ever, this lot of silage 
w^s down in the silo below" 10 tons of good silage. Also, as seen in 
table 3, this silage had a low carotene content. This im^thod of ensil- 
ing docs not seem advisable as a practical farm procedure. 

Cooper (6*) in 1917 stated that good legume silage could be rnadei if 
the material was very dry, finely cut, and tightly packed. Eckles (7) 
found that 40 pevreent dry matter permitted good preservation, while 
Schieblich {31) found it possible to produce excellent alfalfa silage by 
first drying to 35 percent dry matter. At 15 to 21 percent dry matter, 
good silage w^as not obtained unless presc'rvativi*. was added. Bender 
and others {2) found that material high in dry matter (45 to 67 percent) 
showed considerable charring or molding, while that with 25 to 40 
percent dry matter did not; with lower percentages of dry matter 
putrefaction took place'. The high temperature of low-moisture 
silage could be reduced if sufficient pressure was developed to exclude 
the air. Similar results as to the possibility of producing silage by par- 
tial drying have been reported by many workers {8, 13,24, 25, 32, 33, 
34,39,42,43). 

Mikhin et al. {21) found that green silage with 45 to 50 percent dry 
matter developed only one-hali to one-third the acidity of normal 
silage. Shepherd and Woodward {32, 41 y 4^) have reported good 
silages with dry-matter content from 30 to 77 percent and pH values 
from 4.7 to well over 5.0. The writers have found that good silage 
(as to palatability, odor, appearance, etc.) always has a pH value 
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well below 4.5. Nelirin^ (^22) staler] that at pll 4.25 or lower the 
silage w^as good and free from butyric acid, at values from i)II 4.5 to 
4.7 the silage was i)oor, and above pH 4.8 butyric acid was always 
present and the silage was s])oiled. Brouwer (4) reports that silage 
with a i)H value al)Ove 4.5 is poor, from 4.5 to 4.0 fairly good, and 
from 4.0 to 3.5 good; and that for practical purposes, a simple ex- 
amination of pH, odor, and aj)pearance is sufhci(*nt to distinguish 
good silage. 

Taylor {35) ri'ports, as do Shepherd and Woodward {32, J^2), that 
wilting of tlu' gre(ui malcaial yjrior to (‘nsiling r(‘duced th(‘ carotene 
cont(>nt to a marked degree'. Ellenbeiger and otliers {8, 36) state 
that while gi’asses or legumes will inake^ good silage without further 
addition if the moisture conditions are just right, unde'r ordinary 
farm conditions it is bi'tter to use molasses. 

A method of storing partly drie^l forage* in sile)s which is use*d in 
Italy has l)e*(*n de'scribe'el by Samarani {30) and by others (5, 12, 

26). Fre'd and P(*te‘i*son {/fO) te'sled this methoel of ensiling alfalfa. 
The mate'rial was elrie'el to 55 to 70 percent elry matte'r, then tiglitly 
packe'd into the silo and heaivily weigh ten! . Tlie silage produce'd was 
l)rownish in color, of jjle'asant odor, aiul was very readily eaten by the 
cattle'. (Airbeme {5) stat es that this ^‘(h-eana” silage is more palatable 
than A. I. V. silage. 

A L A \ I ( ; N A Method 

Falavigna {!()) in Italy has aelvocated a me'thod of making silage 
the', e'ssemtial fe'ature of which se'e'ins to be e'lisiling at a temperature 
of 50° to 75° (\ The silo is filled at such a rate that the forage reaches 
and maintains this temi)ei‘ature. The material is put in, one layer 
at a time, each laye'r l)eing about 1.5 m. eleep. Only whe'u the tem- 
pe'rature has reache'el 50° to 75° is another layer achUnl. During the 
filling, salt is added at the rate' of 2.8 pounds ])er ton. When the 
filling is comi)leted, the foragi' is weightt'd down with stones, earth, 
or other loading material equivalent to 500 to 1,000 kg. per squaie 
met('r. It is claimed tliat und('r tlu'st' conditions lactic acid is the 
main product of fermentation, and butyric acid organisms are ex- 
cluch'd by the. high temperature. 

A teniporary silo, made of snow fencing and liiu'd with Sisalcraft 
paper, was filled with iinchopped alfalfa by this iiK'thod. The tem- 
perature during the first w^eek was 50° to 02° C. The analyses arc' 
given in table 3. The silage was low^ in acidity and conspicuously 
so in carot('ne, rathc'r dark in color, and of a somewhat disagrc't'abh' 
odor. The palatal)ility was only fair. There was considerable 
spoilage around the outsid(» of the silo. 

Mixed Silaces 

Mixed silages consisting of alfalfa plus various grasses w ere put up. 
The results are givc'U in tables 1 and 2. The silages were only fair, 
and it would seem advisable to add molasses at about 30 pounds per 
ton in the preparation of these silages, as was done in the case of the 
pea vine-alfalfa silage. 

The oat-pea bottle silage w^as put up while the forage w^as green 
and succulent, as can be seen from the dry-matter content (table 1), 
and made a product of very high carotene content. 
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Soybean silage is seen (table 2) to require more molasses than alfalfa 
silage. One hundred pounds per ton seemed to be satisfactory in 
both barrel and silo experiments. 

SUMMARY 

Over fl hundr(»d lots of silage put uj) in many different ways over a 
period of several years have been compared as to appearance, odor, 
preservation, pH value, and carotene content. 

Methods considered for the preservation of legume silages included, 
besides the standard A. I. V., molasses, and phosphoric acid methods, 
the use of such preservatives as wdiey powder, soured-whey concen- 
trates, corn meal, sulfamic acid, soured molasses, sodium chloride and 
phosphorus pentasulfide. Of the latter, whey powder, soured-whey 
concentrate and corn meal gave the best r(>sults. 
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THE REDUCING-SUBSTANCE AND PHENOLIC-COMPOUND 
CONTENT OF THE POTATO TUBER IN RELATION TO 
DISCOLORATION AFTER COOKING > 

By Carl O. Clagktt, research assistant in biochemistry^ and W. E, Tottingham, 
associate professor of hiochemistrijy Wisconsin Agricultural Experiment Statio7i 

INTRODUCTION 

In previous publications (12, H)- evidence was presented as to the 
relativ(> instability of protein in j)otatoes which darken after boiling. 
It was found, inor(M:)ver, (9)''^ that tyrosinase activity is considerably 
gr(>at('r in tubers which discolor than in those which remain white 
after cooking. The pr(^sence of an activator or of activators of the 
oxidation of tyrosine in such abnormal potatoes was discovered. 
Although con(‘entrat(^d tuber extracts gave strong tests for the 
pn'sencH* of dihydroxyphenylalanine or other carriers of the catechol 
structuie, it was not possible to characteriz(‘> any such compound. 
Th(d*e was n^ason for supposing that failure in the available supply of 
one or more mineral (‘lenuMits was responsible for the metabolic in*egu~ 
larities mentioned above. Howevea*, a somewhat extensive (*xamina~ 
tion (//) of the mineral conUait of tubers did not show a correlation 
betwecMi mineral d(‘fici(*nci(‘S and blackcaiing after cooking. 

Szent-dydrgyi (10) has attributed to quinones derived from the 
catechol structure the capacity to combine witli proteins and amino 
acids to form brown to black pigments, called melanoids. This author 
su])poses that tlie redated oxidizing enzyme, poly])henolas(‘, is rendered 
inactive in the normal cell and that its activity is releascHl by injury, 
such as m(chani(‘al rupture. 

On the oth(U* hand, K(Ttesz (S) found that lack of darkening in the 
Sunlxaim variety of peach on exposure of its sli(*ed tissue to the air 
is not due idtlu'r to absence or to low activity of oxidizing (Mizymes. 
This peculiar diflei’cnce of Sunbeam from other varieties was found 
to dei)eiHl upoTi (hdicieiicy of catechol-tannin compounds. Reference 
is made by this author to the work of Nightingale, Addoms, and Blake 
(5), whicii showed that Ellx'rta peaches productal on a low nitrogen 
supplv w(‘re much higlier in tannin than those from “liigh nitrogen 
tre(‘s.’’ 

EXPP^RIMENTAL METHODS AND RESULTS 

Th(‘ work rc'ported Innein was directed toward more' ext(‘nsive 
d(‘terniination of some of the reducing properties of tuber tissue than 
had been made in tlu‘ preliminary examination (11, 12). It appcaired 
desirable also, in this connection, to make a somewhat i'xtendt*d com- 

» Row'ivtMl for ]Hibli(«iion Aujriist 9. 1940. J’ubli.chod with lh(" ai)i)roval of the Diirctor of tho Wisconsin 
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ptirisoTi of tlie catc^cliol content, or its cqiu\ alent, and the discoloration 
record of potatoes. 

In the preparatoiy phases of this investigation relatively xmrefined 
procedure was applied to tlie measurement of discoloration. The half 
tubers pi*odueed by longitudinal bisection after paring in an abrasive 
machine wer('> dropped into cold water and boiled until they were 
readily penetrated by a spatula. They wen* then removed to a sheet 
of filter paper, flat facx' upward, and (examined after about half an 
hour under a fluorescent lamp in a compartment painted black 
internally. This appears to be a crude method of measurement, but 
attempts to mak(> use of direct, ocular reflectometer readings on the 
mashed tissue, packed to a flat surface, were unsatisfactory. Tlu' 
results obtained by this latter method did not give the difFerences 
found by direct observation of both localized and diffused blackening 
of the unmashed potatoes. 

THE TOTAL REDUCING CAPACITY OF TUBER TISSUE 
Old and New Potatoes 

The determination of the total reducing capacity of tuber tissue 
was the most general of several determinations made for comparison 
with the contemporaneous color r('cord of boih'd potatoes. In most 
of the work the tubtu*s were pared before boiling, but in tlu* earlier 
(Lxperiinents they were boiled in the' skins and peehnl before inspection 
for discoloration. It was found that the flesh of cooked sections of 
unpared tubers, (examined when restitig upon th(‘ epidc^rmis on filter 
paper, appeared about one grade darker' e. g., dark instead of 
medium gray — than they did after the epidermis was removed. Thc^ 
total content of reducing substances was determined by the method 
of Pett {6), In this procedure a tissue sample of appropriate weight 
is ground in a 3.()-p('rcent solution of sulfosalicylic acid, filtered 
rapidly on a Buchner funnel, washed twice with small volumes of 
water, and titrated witli 0.01 molar potassium iodat(>, using starch as 
an indicator. 

A pndiminary examination was made of 14 samples, cov(4*ing 6 vari- 
eties of potatoes. Theses wer(^ produced mostly in Wisconsin and had 
been in storag(* at about 4.5° C. (40° F.) from November 1938 to July 
1939. The boiling tests gave results essentially similar to those ob- 
tained in December. Valiums ranging from the equivalent of 15.7 to 
21.4 mg. of ascorbic acid p(U* 100 gm. of unpared tubtu* tissue w<u*e 
obtained, tht‘ ordtu* of reducing capacity bearing no ndation to the 
degree of discoloration. The ascorbic acid content of these samples 
was also determined by the current procedure of titrating with dichlo- 
rophenol-indoplu»no]. This specific reducing factor ranged in content 
from 6.3 to 10.8 mg. per 100 gm. of tissue, likewise irrespective of the 
variation of color from white to medium gray after boiling. 

New potatoes of the Triumph and White Rose varieties purchased 
on the market at this time Jis received from California and Oregon 
each contained, within the limits of error, 23 mg. of ascorbic acid and 
32 milligram-equivahmts of this factor as total reducing capacity. 
Only a small proportion of the discrepancy between old and new 
potatoes as to content of ascorbic acid could be accounted for by 
revemble oxidation, because the stored tubers gave increases of only 
I to 3 mg. on reducing with hydrogen sulfide and removing the residue 
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of this ^as in a curroiit of iiitro^c^ii. Duo allow auco was ma<h^ for 
0.25 cc. of (lyo solution consumed as the avtua^e of several })lank 
determinations of the 7’('d notion treatment. 

Whiles the n’sults indicate that fi*eshly harv(\st(Hl potatoes may he 
prot('et('d ap:ainst discoloration, at l(‘ast in part, by hi^lu^r levels of 
ascorbic acid, it does not follow that this almormality d(^V(dof)s in 
proportion to the destruction of ascorbic acid durinjj: fall stora^(>. Tin; 
potato('S stor(;d for 9 months t her(;fore contain(‘d some 60 pc^rcimt less 
ascorbic acid and 40 percent h^ss total nnlucing substances than did 
tlie new' potato(;s exaniin(‘d. I t has previously b(‘en r(‘f)ort(‘d {12) tliat 
blaekeninfi; of cooked |)otatoes is not associat(;d with immaturity of 
the tub(;rs. The (‘.vidence for diflerence in total reducing powc'i* be- 
tween old and new' potaUn^s as an explanation of discoloration after 
cooking does not seem to b(; (‘onvincing. 

In addition to sevtual samj)les of Rural New Yorker, a few samples 
of otlnu* vari(4ies wc'n* (‘xamiiUHl for tlnui* nducing capacity from 2 to 
8 W(‘(*ks aft(vr th(‘v were harvested. The tulxvrs were placed in the 
cold storeroom in tin' first w'c'ck of Octolnu* about 1 w'(M‘k after harvest. 
At tem])ts w’(u*e made' to apply seh»ctiv(‘ methods for d(»tei-niining gluta- 
thione and ascorl)ic acid, but these w'cn* abandoinxl in favor of the; 
iodate titi'ation of Pett {(f). The pro(;edure's show'e'd signs of promise, 
how^ever. In the nu^thod of Langou and Marenzi {/f) for joint deter- 
mination of ascorbic aeud and glutathione by means of Folin^s pliospho- 
tungstic acid i(;agent, using cystine for the; standard, the^ greM;nish 
color of th(‘ unknown as compared with the* blue standard renders use 
e)f the* Duboseq colorimete*r infeasible. If prope*r filie*rs w^ere avail- 
able, this me‘thod might be; adapted to the use; of the* phote)e*le'ctric 
ce)lorime‘ter. The method of Binet and Weller {2) for dete‘!-mining 
glutathione, involving preH‘ipitation with cadmium lactate at a spe;e‘ific 
pH value* and titration e)f the pre*cipitate; with potassium iodate, 
showed some promise of i-eliability. IIe)W'eve*r, rather than el(*te*rmin(* 
inelividual constituents e)f (|ue*stionable signifi(*ance, it wais de*cide‘el to 
me*asure; the total reducing le*V(*l of tissue* e;xtracts. The re*sults of this 
examination appeair in table 1. 


' 1 'able \ . -Uelaiion beinuen thv total reducing value and the di senior at ion after 
cooking of potato-t ubers of 4 varieties taken from cold storage to 4 weeks after 
harvesting 


Sfinii>lo i 
No. ! 


Vhi k‘ty 


1 

2 

3 

4 


ChippowH.. 

Rural Now Yorkor 


() 


8 

9 

10 

M 

12 

13 

14 

15 


[Sobago . 

Cobblor _ 

Rural New Yorker 


I )iseol ora- 
tion aftt'r 
cooking ' 

Oiiginal 

ri'ducing 

Reducing 
value.s after 

valuc.s of 
raw t issue ^ 

reduction 
by zinc 2 

i 0 

23. 0 

27. 0 

If (> 

28. 0 

28. 0 

0 

27.8 

28.2 

\ 

29. 4 

30. 4 

0 

24. 8 

23. 0 

■ 1 '■ 

21.4 


i f o 

2:1 7 

23. 3 

i 0 

25. 5 

28. 0 

i/ +-f 

21.0 

! 24. 0 

i ++ 

20, 0 

25. 0 

( ++ 

18. S 

20. 0 

4-4- 

17.0 

19. 0 

\ 'f'f* 

20. 5 

21.2 


17.4 

18.0 

1 ++ 

20. 5 



» 0*w’bitc; ?=ligl)t gray; 4-«niodiuni gray; ++**dark gray. 
* Milligrain>C(]uivalents of asuorbie acid per leX) gm. of tissue. 
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In view of the additional data indicative^ of jroncral absence of 
reversibly oxidized foniis of reducing substances, the detemiinations 
on this fraction we're discontinued. The elire>e*t reelucing values for 
the discedored Rural New Ye)rker sample's we're about 40 pe'rce'iit le^ss 
than for those which were normal afte'r cooking. However, not only 
the white'-cooking Chippewa and Sebago samples but also the dis- 
coloring Cobble'rs she)wed valuers falling within the range covered by 
the' better Rural New Yorker sample's. Therefore, the results do not 
support une|ualifiedly the conce'pt of protection by reducing substances 
against discoloration . 

As a furthe'r test e)f re'lationship be'tween total reducing substances 
and discoloration afte'r cooking, the re'e'orels of a few sample's which 
sliowed the' common phenomenon of localize'd discoloratie)n in the 
ste'in enel of the tube'is were' examined. As in tire pre'ceding elete'r- 
minations, a r).0-gm. sample was take'n from the mixed tissue of 
seve'ral tube'rs. A re'cord of the results is give'n in table 2. It will 
be observe'd that the data vary e'xtre'mely from sample* to sample*. 
The* small eliffere'nce in some case's in the' re'elucing value of the two 
ends indicate's that much more ('xtensive* elata would be re*quire*d to 
disclose a definite trend, if such exists. 


Table 2.~~ Relation between the total reducing value and the dificoloration after 
cooking of parts of Rural New Yorker potato tubers taken from cold storage .>' weeks 
after harvesting ^ 


SanipU* 

No. 


I Disoolora- i JlcduoiDK 
TuIhM’ (mmI I tion aftiT i valm* of 

I oookiiij.' > i raw tissue 


1 

2 

3 

4 


'Stern. . 
Bud.. 
Stem.. 
Bud . . 
Stem.. 
Bud. .. 
Stein 
Bud.. 


? 1 

21. 4 


IS. 2 

++ ! 

1«. 0 

+ i 

S.4 

++ 

17.2 

4- 

2:i. 


1(1. <) 

+ 1 

14. 2 


• See footnote.s to table l . 


The search for relationship betwe'cn total reducing capacity of the 
tissue', and discoloration afte'r cooking was ('xte'iule'd to a few more 
sample's with the results she)wn in table 3. The*se data do not show 
a greater content of re'ducing substances in the sample's which are less 
subject to discoloration. Their iiiqjort is sup])()rted by the' results 
from a series of Rural New Yorke'i* plantings conducteel in cylinders 
*of soil sunk in the field for purpose's of control over the sup])lies of 
water and mineral nutrie'iits. The crops e'oe)ked white* throughout 
but showed a ranges of from 5.8 to 19.3 mg. of ascorbic acid e'quivaleuit 
as the total reducing capacity. We are thus led to conclude that 
there is no diree'.t relation between total reducing substance'ss in the 
raw tuber and whiteness after boiling. 
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Table 3. — Relation between the total reducing value and the discoloration after 
cooking of potato tubers of 2 varieties taken from cold storage 5 to 6 weeks after 
harvesting ^ 


Sample 

No, 


1 

2 


3 

Rural Now Yorker 

4 


f> 

Green Mountain 

7 

j 

8 

9 

iRural New Y(»rker .. 

10 

• 



' St*o footnotes to table' 1 . 


THE (CATECHOL EQUIVALENT OF POTATOES 


A scrips of sainpl(‘S of ilit* Rural New YorktT variety, produced at 
various locations in Wisconsin was placed at the writei’s’ disposal by 
Prof. G. IT. Ri(‘nian of the Wisconsin Aj^ricultural ExperinKUit Station. 
In view of tin' activatiiiij (‘ffect of catt^chol upon the tyrosinase system 
(7, pp. 467 471) and hecaust' of its localization in the cortical n^gion, 
thes(' samples W(‘r(‘ suhjecttHl to determination of the catt'chol grouping 
and to oth(*r (‘xaniination in hotli tlu^ paretl and tin' unpai-ed stak'.s. 
Imlividual tuheu’s were* s(‘ction(Hl longitudinally to provide composite 
samph's. vSoiik* of th(‘ sections W(U*e then analyzed and compared 
with tlu' boiling rt‘(*ord of corresponding sections. The same treat- 
m(*nt was applied to other sections of (‘ach sam])li' after they had been 
pared in a small machine of the abrasive type*. For tlu^ purpose of 
comparison, th(‘ total j-(*ducing capacity was deti‘rmined in the usual 
maniKM*. The catechol (‘quivalent was (h‘termin(Ml by treating a 
})oi tion of th(‘ tuber exti-act according to the proc(‘dure of Arnow (/). 
A 2~cc. sample was placed in a colorimeter tube and 2-cc. portions of 
0.5 N llGl, l()-i)('rct'nt nitrite-molybdate solution, and 1.0 N NaOfl 
wei*(' add(*(l succ(*ssiv(‘ly with shaking. Tlu^ solution was mad(‘ to a 
voluiiK' of 10 cc. with wat(‘r and examined in the Evelyn photo(d('etric 
coloriniet(*r with tlu' use* of a color filter eifectivf' at 5,400 A. The 
<*onc{'ntration was (hderniined by com])arison with a curve prepared 
by use of standard solutions of catechol. Data from tli(*se several 
determinations are assembh'd in table 4. 


Table 4. — Injinencr of paring upon the discoloration after cookiyig, the reducing 
value, and the catechol content of Rural AV<r Yorker potato tubers grown in differ- 
ent localities and taken from cold storage S weeks after harvesting 


Sample 

Where gr<jwii 

I)iset»loral.ion after 
cooking ‘ 

Reducing value of 
raw tl.ssue 

(’ateebol 

cut 

(Hiuival- 

a 

No. 


Pared 

Unpared 

I’ared 

Unpared 

Pared 

I'npared 

1 

Delnvaii . 

o 

0 

19.2 

12. 5 

2.0 

ft. 8 

2 

Rice Lake. 

Od 

OD 

22. ft 

24. 0 

2.7 

3.9 

3 

Starks . . 

-h-b 

++d 

10.0 

IH.ft 

2.4 

fi. 0 

4 

Antigo. 

T+d 

++d 

17.4 

17.7 

3. ft 

ft. 2 

5 

Sturgeon Bay . - 

-H+d 

+-|-d 

12.4 

10. ft 

3.4 

7. ft 

7 

Rockfleld-. . 

++ 

+-f+ 

17.1 

14.9 

3.8 

8.2 


I O«whit.o; -f-f-=anjedium Kray; +++==tiark gray; d^mildly dtscolort'd cortex; D~scrioiisly discolored 
corte.x. 

* Milligram-equivalents of ascorbic acid per 100 gm. of tissue. 

® M illigram per 100 gm. of tissue. 
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The most prominent feature of the data is the rather consistent 
incr(‘ase of catechol equi valent in the pared tuber in relation to black- 
ening: after cooking. More data are presented in tables 5 and b whicli 
support this correlation substantially. It further appears that cate- 
chol, or compounds reacting like it, is relatively concentrated in the 
epidermis and underlying tissues but that discoloration is not directly 
related to this localization. More data would be required, however, 
to justify emphasis upon this issue. 

Further evidence' was sought by comparing tissue from a longitudinal 
V-shaped section with a portion from a similar section of the same' 
tuber which constituted a thin peel. A sample of Cobbler which 
cooked light gray contained 6.0 mg. of catechol equivalent in 100 gm. 
of the total tissue, compared with 13.8 mg. in the peel. Using the plug 
me^thod, to be described pn^sently, the corresponding values for a 
Rural New Yorker sample which cooked medium gray were 5.4 and 
9.5 mg., respectively. 

Additional results which show general correlation between the cat('- 
chol oquivah'nt and discoloration during cooking, but a partly inv('rs(' 
relation in ri^gard to the total reducing sul>stances, ar(' presented in 
table 5. The samph^s here considered were producc'd from a dis- 
coloring seed stock with different fertilizer treatments. As usual, the 
discoloration l)or(' no consistent relation to any formula of the appli('d 
fertilizer. 

Table 5. — Relation between the total reducing value and the discoloration after 
cooking of Rural New Yorker potato tubers taken from cold stpiuige It weeks after 
harvesting ^ 


Sample 

No. 

Discoloration 
aft(?r cooking 

Reducing 
value of raw 
tissm* 

(’atechol 

equivalent 

1 

0 

14, .5 

4.6 

^ 1 

+4- 

14. « 

4.8 

3 

4-4- 

14. 6 

5.4 

4 

4-4- 

13.3 

6.2 

5 

4-4-D 

13.3 

5.8 

6 

4-4-1) 

11.9 

0.2 

7 

4-4-4- 

10. .5 

7.3 


> See footnotes to table 4. 


THE PLUG METHOD OF COMPARING DISCOLORATION WITH REDUCING-SUPSTANCES 

CONTENT 

In view of the concentration of catechol, or compounds reacting 
as such, in the epidermis or underlying cortical tissue, it became 
apparent that the tubers should be so sampled as to avoid the effect 
upon total tissue composition of decrease in proportion of surface as 
the tubei’s increased in size. This problem was solved by taking plug 
or partial core sami)les from each tuber and using a defiliile length of 
such core from the epidermis inward. Five tubers which had been 
found to discolor seriously by boiling a section of each wore pierced 
longitudinally from the stem end by a No. 8 cork borer. Rapidly, in 
order to minimize oxidative changes, portions about 1.0 cm. in length 
were cut from the stem end of these cores to give plugs wdiich bore the 
epidermis. The plugs were trimmed on their inner ends to give a com- 
posite sami)le weighing 10 gm. This sample was promptly covered 
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with a 3-perceiit solution of sulfosalicylic acid and thoroughly crushed 
in a mortar. It was found necessary to use small-scale filtering equip- 
ment (4.25-cm. Buchner funnel and 5()-cc. filtering flask) in order to 
obtain satisfactory agreement of results from duplicate samples. The 
determinations of total reducing capacity and catechol equivalent 
were made in tlu^ usual manner, but the determination of ascorbic acid 
was modified by use of an Evelyn photocdectric. colorimeter. The 
results from different varieties and strains thereof as produced on clay 
loam at Antigo and sandy loam at Hancock in 1939 are shown in 
table f). It should be oliserved that, with the approach of the spring 
break in dormancy, most varieties could be expected to turn somewhat 
gray after cooking. 

Table Relation between the discoloration after cooking and. certain reducing 
'properties of the tuber tissue of different varieties and strains of potatoes ^ produced 
at different locations in 1939^ and taken from cold storage 12 to 14 vweks after 
harvesting ^ 


SanipU' 

No. 



Discolor- 

Rc'ducin^ 

Ascorbic 

Catechol 

Vari(‘ty and strain 

Where urowui 

at ion after 

value' of 

acid 

cquiva- 



cook i UK 

raw tissue 

content 

lent 

1 



O 

12.2 

7.0 

3.3 

2 

A 

■Chippowa, A -- 


o 

O 

12.0 
13. 3 

8.5 

8.5 

3.5 

3.5 

4 



0 

13.7 

7.8 

4.2 

5 



4- 

14.3 

10.0 

3:2 

f) 



+ 

15. 2 

12. 0 

3.6 

7 



-f-l- 

10.3 

12. 9 

3.0 

8 

(’obbler, A 


•f+ 

10.3 

13. 5 

3.4 

9 



+-4- 

13.8 

9.0 

5.4 

10 



■4-1- 

14.8 

11.2 

5.3 

11 



-h-b 

V 

15.4 

11.4 

5.4 

12 


lAntiiro 

15 7 


3.6 

i;i 

llural Now Yorker, \ 


4-’-!- 

14.9 


4.8 

14 



4-1- 

17.9 

12.0 

5. 1 

15 



?d I 

18.4 

14.9 

4.9 

1(1 

i 


?(i ! 

17.7 

14.3 

4. 1 

17 

Kural New Yorker, B- 


•4“ 

13.9 

10.7 

6. 0 

18 



4"fd 

10. 8 

15.2 

5.9 

19 



■4-+ 

18. 1 

10.3 

4.5 

20 



? 

17.2 

U). 1 

3.9 

21 

22 

■Riiral New Yorker, C 


-4^4- 

4-4- 

13.8 
' 13. 5 

8.0 

0. 1 

5.0 

5.8 

23 



-1 — h 

14. 0 

8. 5 

5. 4 

24 



4-1-d 

10.8 



5. 5 

25 

Rural New Yorker, A 


4-4- 

13. 0 


4..'-) 

20 

27 


1 laneock . - 

44- 

44 

12.7 

5. 9 

0. 1 

5. 4 
5.8 

28 

Kural New Yorker, C... 


44 

12. 5 

0. (t 

0.8 

29 



441) 

9. 5 


0.3 


> Soo r<M)tn()tt*s to tablo 4. 


Practically all of tln^ Rural New Yorkta- samples and all of the 
Chippewa samples from Antigo wert* produced with diff(‘r('nt ferti- 
lizer treatments. These included graded levels of potassium supply 
and the supplementary use of carriers of boron, coppt'r, manganese, 
and zinc. There is no evidence of correlation between the degree^ of 
discoloration and the plane of supply of mineral nutrients. The 
different strains of Rural New Yorkers are tabulated separately 
l)ecause in the fall boiling test they had given increasing discoloration 
in the ordtu* in which they are recorded. At Hancock the crop came 
from unfertilized divider rows. This region has the most si'rious 
record of discoloring potatoes over a r)-year ptu’iod in the writers^ 



356 


Journal of Agricultural Research 


Vol. 62, No. 6 


experience. Ascorbic acid determinations were purposely omitted 
in a few cases because of lack of correlation between tuber content 
of this factor and the record of discoloration in a large number of 
examinations. 

The data show no higher content of total reducing substances in 
the Chippewa, which cooked white, than in some of the most seriously 
discoloring samples of Cobbler and Rural New Yorker. Moreover, 
the predominantly high content of this tissue fraction in the latter 
varieties as produced at Antigo in contrast to the Rural New Yorker 
samples from Hancock does not indicate that the general reductive 
capacity of the tuber tissue has a protective function against pig- 
mentation after cooking. 

The ascorbic acid content does not seem to liave varied at the time 
of examination in a manner related to blackening after boiling. In 
fact, its values show much the same trend as those for total reducing 
substances. The values for Chippewa are as low as those for some 
of the most discoloring Rural New Yorker samples. 

There appears to be, however, a considerable degree of correlation 
between the values for catechol and the degree of discoloration. The 
average value of the catechol equivalent for the different groups of 
samples is as follows: Chippewa 3.6, Cobbler 4.3, Antigo Rural New 
Yorker 4.9, Hancock Rural New Yorker 5.7. This record is in accord 
with the discoloration findings for these varieties and locations over 
a 5-year period of investigation. In contrast, the average values for 
ascorbic acid and total reducing capacity are essentially equal for 
the Cobbler and Rural New Yorker varieties from Antigo and decline 
markedly in the Hancock crop. It should be noted, however, that 
the white-cooking Chippewa contained as much catechol ecpiivalent 
as some of the discoloring Cobblers. The Rural New Yorker shows 
the most definite correlation between the level of catechol content 
and the degree of blackening after cooking. vSince th(‘ tabidat(Ml 
data were obtained, the following results have been s(‘cured from the 
1940 crop held in cold storage until Decenil)er or January: Rural 
New Yorker cooking white, 3.2 and 3.8; Chippewa cooking white, 
3.8, light gray, 4.9; Rieman^s crosses cooking medium gray, with 
seriously discolored cortex, 6.5, 6.6, and 8.7. 

The present results emphasize the relative abundaTice of corn- 
pounds containing the catechol grouping in potatoes that discolor 
when boiled. Because of the limitations already noted with respect 
to the evaluation of discoloration, one can hardly expect close cor- 
relation between this function and compositional factors. It can b(^ 
stated with certainty that the compound causing discoloration is 
related to orthqdihydroxy phenol because, in contrast with the pink 
color of the nitroso derivative here obtained, pai’ahydroxyphenol 
yields an unstable derivative which turns brown rather promptly, 
and metahydroxyphenol does not produce a color. This makes it 
possible that the presence of orthoquinone contributes to pigment 
formation in accordance with the concept of Szent-Gyorgyi {10, p. 68.) 

Spectrophotometric absorption curves of the fraction precipitated 
by basic lead from alcoholic extracts of discoloring potatoes were 
found to have nearly the same characteristics as those of catechol and 
dihydroxyphenylalanine (dopa). The writers found, as had Arnow 
(1) in attempting to determine tyrosine and dihydroxyphenylanine 
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in a common solution, that the characteristic wave lengths and the 
breadths of the curve maxima are too similar to permit use of this 
property for identification. Therefore, we are attempting to isolate 
derivatives of the compound or compounds involved, for purposes 
of characterization and identification. 

SUMMARY 

Earlier work of this laboratory disclosing the presence of an activator 
of tyrosinase in potatoi^s which blackcui after cooking has becui 
reviewed. Extracts of such disclosing tubers were found to contain 
an orthodihydroxyphenolic compound, or compounds, resistant to 
isolation. 

Tubers of several varieties from the Wisconsin crop which had been 
stored at about 4.5° C. for 9 months were about 60 percent lower in 
ascorbic acid content and 40 perc(Uit lower in total reducing substances 
than Triumph and White Rose potatoes recently shipped to local 
mark('ts from the West Coast. IMiese were found to contain little 
reversibly oxidized ascorbic acid. 

Aftc'r cold storage for 2 to 4 weeks aftcu- harvest, Rural New Yorker 
potatoes which discolor(‘d contaiiu'd about 40 perctmtless total reducing 
substances (titratabii* by KIOs) than did those which cooked normally 
white. In comparison with th(‘ composition of other varieties from 
th(‘ same storage* (he* results do not indicate a protective* effect of the 
total r(*eiucing function against the* blackening respe)ns(*. Examination 
for the> accumulation of re*versible pre)ducts of oxidation gave gen- 
erally negative re*sults. 

A limiteel comparison of the te)tal reelucing values of tissue from 
lh(> ste'm anel bud enels of tubers which hael been ind(*X('el for serious 
diseMde)ratie)n did not inelicate* that le)caliz(*d darkening commonly 
obse*rveel in the* former n*gion could be ascribe*d to de*ficiency of 
rod u e*i n g s u bs tan ces . 

A comparison of milelly with seriously elisce)le)ring Rural New 
Yorker sample's after colei storage for 5 to 0 weeks sliowe'el no elifference 
in the range of re*due*ing capacity. An e*xaminatie)n of asce)rbic acid 
content in crops of Rural New Yorkeu* proeluced under different cul- 
tural ('onelitions showed that low leveds of this e*e)nstituent were not 
re'lated te) blackening afte*r cooking. 

Rural New Yorke*r potatoes in cedel storage* for 8 weeks afte*r harvest 
showeel markeel concentration in the epidermis anel cortc'x (peel) of a 
substane*e or substances giving the* catechol re'action. The te)tal 
reducing substance's were not distributee! in this manner. After 
storage for 1 1 wee*ks this variety was founel to contain amounts of 
catechol which correlated we*ll with the ele'gree* e)f blackening after 
boiling, while a somewhat inverse relation existeel with regard to total 
red ucing su bstances. 

A method of sampling the tuber tissue (core taking) was adopted 
to limit the variation between epidermis-cortex and tlur parenchyma 
tissue. About 29 samples of three varieties, including the Rural 
New Yorker from two regions, were examined by this procedure 12 
to 14 weeks after they had been placed in cold storage. Higher 
content of total reducing substances was not correlated with freedom 
from discoloration after cooking, nor was higlier ascorbic acid content. 
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The content of compounds reacting like, and expressed as the equiva- 
lent of, catechol increased from sample to sample somewhat in pro- 
portion to blackening after boiling. 

In view of the inapplicability of spe(‘trophotomctric absorption 
curves for idcuitifying the orthodihydroxy compound, or compounds, 
apparently associated with the blackening of boih*d potatO(*s, methods 
of isolation, and chemical characterization are being applied. 
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PHYSIOLOGIC STUDIES OF RHIZOBIUM MELILOTI, WITH 
SPECIAL REFERENCE TO THE EFFECTIVENESS OF 
STRAINS ISOLATED IN KANSAS ' 

By John T. Kuottlik, gradualc student, and P. L. Gainey, soil bacteriologist, 
Kansas Agricultural Kxperirnmt Slnliou 

INTRODUCTION 

Investigations conducted at the Kansas Agricultural Experiment 
Station have revealed remarkable losses in the nitrogen content of 
Kansas soils under cultivation. Certain data presented by Swanson 
and Latshaw ^ indicate that losses in the soil’s store of nitrogen may 
take place even under continuous cropping to alfalfa. vSince alfalfa 
is generally recognized as one of the most efficient nitrogen -gathering 
members of the lx>guminosae, the data presented by Swanson and 
Latshaw suggest either the absence of adequft^te numbers of the alfalfa- 
sweetclover group (Rhizobimn melUoti Dangeard) of rhizobia in Kan- 
sas soils or the presence of relatively low nitrogen-fixing strains. In 
view of the role that alfalfa and sweetclover play^ in the soil improve- 
ment program in Kansas it seemed worth while to obtain information 
relative to the distribution and nitrogen-fixing efficiency of Kansas 
strains of rhizobia capable of infecting these two (*rops. 

A preliminary survey in the vicinity of Manhattan indicated an 
abundant soil flora (uipable of producing nodules on alfalfa and sweet- 
clover, provided soil conditions were favorable. Tliis apparent abun- 
dance of Rhizobium melUoti suggested that if the rliizobia were in 
any way at fault in the nitrogen-fi.xing phenomenon, it was probably 
due to the presence of strains with relatively low nitrogen-fixing 
capacity. 

METHODS AND MATERIALS 

ISOLATION OF CULTURES 

Nodules were obtained from cultivated alfalfa {Medicago satira L.) 
plants and from sweetclover {AldUotus alba Desr.) plants found along 
roadsides. Selected nodules were washed in water, immersed approx- 
imately 5 minutes in a 1 “500 solution of bichloride of mercury, and 
rinsed in sterile water. Poured plates were then prepared with nitra te- 
inannitol agar or the medium proposed by Albrecht and Met 'alia. 
After incubation for several days at 28° to 30° C., characteristic 
colonies were selected, tested for purity, and the cultures were kept 
on the Albrecht-McCalla medium. 

TESTINCi THB: infectiveness and EFFIGIENin" OF CULTURES 

Six hundred grains of washed general-run Ottawa sand, mixed with 
a little calcium carbonate, was introduced into 05 by 500 in m. pyrex 
test tubes. One hundred thirty-five milliliters of modified Crone’s 

1 Roct'ivod for publication March 18, 1940. Ab.siract of an unpublished thesis submitted by the senior 
author to the faculty of Kaii.sas State College of Agriculture and A implied Science in partial fulfill ment of 
the requirements for the degree of doctor of philcKSophy. Contribut ion N o. 184, I ^e])artinent of Hact erif)logy, 
Kansas .\gricultural Exi)criinent Station. 

* Swanson, C. O., and Latshaw, W. L. effect of alfalfa on the fertility ei.kments of the soil 
IN COMPARISON WITH (JRAIX CROPS. Soil Sci. 8: l-il9, illus. 1919. 

•’ Aliirecht, William A., and McCalla, T. M. a new (m ltuke MEinrM for hiiizobia. .lour. Baet. 
34: 455-4.57. 1937. 
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solution/ or 15 milliliters less than the amount retained against 
gravity by the sand, was added. This volume of liquid plus the 
15 milliliters of inooulum gave satisfactory moisture conditions. The 
tubers were plugged with cotton and sterilized at 20 pounds pressure 
for IJ 2 hours. 

In experiment No. 7 milk bottles were substituted for the pyrex 
tubes, and approximately 50 percent longer was required to obtain 
an equal amount of growth; otherwise the results were apparently 
comparable. Decreased growth in milk bottles was probably due to 
less adequate lighting. 

Alfalfa seecis were shaken for 15 minutes in a 1 -*500 solution of 
bichloride of mercury, washed six or more times in sterile distilUnl 
water, and germinated on nutrient-agar plates at 28° to 30° C. 
Eight seedlings were introduced into each tube and the sand medium 
was inoculated with 15 milliliters of a heavy suspension of cells 
pr^ared from young agar slant cultures. 

The tubes were then taken to the greenhouse where the plants were 
allowed to grow for about 7 wee^ks. If the gretuihouse temperature 
could not be kept low enough to permit gootl growth of alfalfa, the 
cultures were transferred to a partially shaded position outdoors 
where the tubes were buried in the soil to the depth of the sand, and 
protected from rain by inverting a small tin can ov(U‘ each tul>e. 
The volume of liquid held by the 600 gm. of sand was adequate to 
supply the needs of the plants during tin* entire growii^g period; 
hence, it was not necessary to open the tubes following inoculation. 

The following facts would indicate that the conditions within tliis 
enclosed sysUun were satisfactory for the object in vi('w: (1) Vigorous 
growth of th(* alfalfa plants invariably occurred when inoculated with 
an effective culture; (2) in no instance did a single plant fail to show 
one or more nodulc's when an infective culture was employed as the 
inoculum; (3) in no instance did an uninoculated plant dev(dop a 
nodule; (4) the number of nodules developed per plant averaged in 
excess of 20 in case of highly infective strains; (5) plants invariably 
made* poor growth and exhibited typical nitrogen-hunger symptoms 
unless inoculated. 

Burton and Wilson ® obtained evidence that the fixation of nitrogen 
by a strain of R/iizobium rneliloti may vary with the variety of host 
plant. Since about 90 percent of tlie alfalfa grown in Kansas is 
Kansas Common {Afedicago safiva), this variety was (unployt'd in 
all tt‘sts. 

After a growing period of approximately 7 weeks, the plants and 
sand were emptied onto a sieve from which the sand could be washed 
readily. Tin* number of plants and nodules in each tube was iv- 
corded, and all plant material was oven-dried at 110° C. and analyzc'd 
for total nitrog(Ui by the Gunning method.® In view of the large 
amount of sand per tube no attempt wm made* to recover the nitrogen 
that may have been excreted into the medium, and it is possible that 
some nitrogen may have been lost in this way." 

* FREn, Edwin^ Broun, Baldwin, Ira Lawrence, and McCov, Elizabeth, root nodttlk bacteria 
AND LEGifMiNOUfl PLANTS. Wis. Uuiv. Studies Sci. 5; 343 pp., illus. 1932. 

JB» rton, J. C., and W-ilson, P. W^ host plant spkcjkicitv among the medicago in association 
WITH ROOT-NODULE BACTERIA. Soil ScJ. 47: 293~3<)3, Ulus. 1930. 

« A8S(h:iation of Official Agricultural Chemists, official and tentative methods of analy- 
sis . . . Compiled by the committee on editing methods of analysis. Ed. 4, 710 pp.. illus. W'ashinpton, 
D. C. lOS.*). 

7VIRTANEN, A. I. ASSOCIATED GROWTH OF LEGUMES AND NONLEGUMES. 4th Intemutl. Grassland 
Cong., Aberystwyth, Or. Brit., Kpt., pp. 78-88, illus. 1937. 
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EXPERIMENTAL DATA AND DISCUSSION 

In measuring the physiological eiFiciency of a series of unknowns 
it is obviously (h'sirable to have some standard with which to make 
comparisons. Then' art' no standanj methods of testing the ('ffi- 
ciency or ascertaining the' quantitii's of nitrogc'n tliat must be fixed by 
a given cuJtun' of i-liizobia before it can be rated as an eflicient, or 
‘'good/’ strain, in fact, there are h'w records of performance avail- 
able*. Under such conditions the* me>st logical proe^e'dure apjieared te) 
be to ol)tain from other laboratorie»s culture's rate*el as efficient and 
make* use* e)f ce*rtain of tlu'se* for comparative fiurposes. Ace'eirdingly, 
a number of sti*ains of Rhizobium melilotl were eibtaineel from research 
anel e*ommercial laboratorie*s, t we) of the most efficie*nt we*re selecteeJ, 
and eine or Ijoth we*re includeel in e*very se*rie*s of tests conducted. 
Both strains gave consiste*ntly gooel ne:)elulation, good growth e)f 
plant, anel some'what be*tter fixatie)n of nitiogen than the* ave*rage* of 
ieically isolateei culture's; he'uce, serveel satisfacteirily for e'oni|)arative 
purpose's. In subse'epient discussieins tlie'se* two strains, Ne). 107 freim 
the* University of Wisconsin, and A freini the Urbana (111.) Labora- 
tories, will arl)itrarily be re'gardeel as e*fficient strains, though the 
limitations in the'ir use as a basis for graeling the relative merits of 
eitlier strains shoulel be k(*pt in mine!. 

Anothe'r funelame*ntal epie'stion involve'd in comparing the re*lative 
merits eif a se'rie's of unkneiwns is the ele*gre*e* of accurae*y of the* data 
upon which the* comparison is base'el. *^1 he* facilitie*s and time avail- 
able for e‘e)nelue‘tiiig such te*sts we*re* so limite'd as to re*strie*t the aele- 
ejuate* re'plicatiein of te*sts fe)r statistie*al tieatment to a ve*ry small 
numbe'r of sti‘ains. It was be*lie*ve‘el that a limiteel stuely of a large 
number of strains woulel give meire informatie)n re*lative to the e'fli- 
e'ieiiey of the leical rhizeibia than woulel a more* conce*nt rated stuely eif a 
fe*w. Conse'eiiiently each euilture isolate'el was te‘ste*el once, and whe'ii 
a given strain showeel evielence* e)f marke*el nitrogen-fixing ine*fficie*n(:*v 
it was i*e*te*sted. The* rete'Sting of only the apparently ineffie*ient 
strains was based upon the assumption that the* e*hane*es for an error 
in t(*e‘hniejue being I'e'speinsible* for a combination of geioel greiwth anel 
niar-ke*d ae*e‘umulation of e*ombine»el nitreigen, in the* absene'e* of fixation 
by the culture* in epiestion, were* e*xtre*nu*ly small. On the* either hanel, 
only slight alte'rations in the e*nvironme‘ntal e*onditions might have 
such an e*fl'e*ct upon e*ithe*r of the symbionts as to prohibit nitrogevn 
fixation. This assumption se*(*meel justifiable* in vie*w of tbe* fact 
that the jiabulum containeel only small eiuantities of e*onibineel nitro- 
ge*n anel all e*xtrane*e)Us nitroge*n-fixing organisms we'i e* eliminate*el. 

In order to se*e*uie* some* cemci-ete* information as tei the* variability 
in growth, modulation, and nitreigen fixation to be* expe*e*teel in repli- 
cated tests of individual strains (a) 12 differe'iit e*ultures were re*pli- 
cateel 6 time's in a single e*xperiinent, and (6) 1 or beith of the 2 cultures 
chosen fexr ceimparison were* inclueled in every expeu-iment. In (a) 
the e>xpeyrimental conditions for each of the inelividuai te'sts of the 12 
strains were as nearly ide»ntical as it was possible* to make them, 
whereas in (b) the 2 strains WTre subje?cte*d to as wdde variations as 
were e*ncoimtere'd in the stuely. It is be'lieveel, there'foiy, that a 
consideration of the data pre'senteHl in tables 1 anel 2 w ill give a fair 
indication of the latitude in growth, modulation, and nitrogeni fixa- 
tion resulting from the experimental error uneler the experimental 
conditions employed. 
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Table 1. — Nodulation^ growth^ and fixation of nitrogen in the presence of 12 different 
strains of lihizobium mdiloti 


I Plants 

Strain No, j p<'r 
i ('ulturc' 


Dry woieht 


Nitrog:on fixod 


I’cr 

plant 

Mean i 

Per 

plant 

Afean 

l'‘er 

plant 

Mean > 

Xtimher 
0.() 1 

!J 1 

! 

Numher 

1 

Miin- 

grams 

1 I'i 

1 li I 

Miin- 
gra ms 

1 

StilU 

grams 
{ O.(K) j 

1 1 

JMHrifjrams 

1 


N itrotron (^on- 
t(^nt 01 plants 





i Standard error of mean is 
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Table 2. — Nodulation, growth, arol fixation oj riitrogcji m Ihi 'preHence of strains A 
and 107-1 of Hhizohiurn mdiloii 


ST R A IX A J 


Experiment No. 

Plants |K‘r 
culture 

Nofiiilos 
IKT plant 

J )ry weijiht 
per ]»lant 

Nilrogon 
fixed jH'r 
|)lant 

Xitro^ncn 
in plants 

1 -- 

XirmheT 

Sumher 

3. <i 

M'lUUjrnms 

18 

MUlUfTumit 

■ 0. 43 

Percent 

:i.3i 

1 - .... . 

0 

2.S 

19 

.40 

3. 30 



r. 

4. 0 

19 

.45 

3. 33 

].. 

rj 

5. 0 

21 

.48 

3.41 

1. . - 

i) 

4.7 

18 

.42 

3. 43 

’i.... 

7 

3.7 

20 

.54 

:i. 39 

4... .. 

7 

5.1 

13 

.32 

3. 53 

5 ...... 

0 


10 

.41 

4.01 

6 .. „ . 

0 

8.0 

22 

.52 

3. 08 


f) 

5.2 

24 

.48 

2. 83 

s ... . _ . . , 

5 

7.2 

2:1 

.47 

3. 08 

9 

.'5 

9. r, 

42 

.07 

2.20 

10 _ 

« 

8.0 

23 

.49 

2. 82 

Mean 

0 

5. (> 

21 

0. 47 

3,21 

Standard error of mean ... ..... 

. .. 

rtO. 5:19 

±1.92 

±0. 021 

±0.120 


STRAIN 107-1 2 




1 , 

() 

:15 

IK 

i 0. 47 

3.41 

1. .... . 

0 

4.2 

! IK 

.50 

4.20 

1 . , , . ... 

() 

2.7 

I 23 

. 51 

3. 23 

1 . ... . _ . . i 

(i 

:i.8 

IK : 

; .47 

3. 73 

1 ...... . ... . . . ' 

0 

4.2 

19 

; .51 i 

3.00 

1 ....... . ..... .... ... j 

0 

:j. H 

17 1 

.54 i 

i 4. 37 

2 . . ' 

7 

5. 0 

21 

. 54 

2. 99 

3.. .... ...1 


5. 0 

15 ! 

.33 

3. 1 1 

4 — . .. .... .. . 

0 

5.2 

13 

.38 

; 4. 17 

5 ......... . . 

0 

.3.8 

12 

. 27 

4. 19 

0 

7 

4.9 

17 

. 40 

3. 59 

7. 

i> 

7.3 

22 

.;i8 

2. 50 

H, .......... ............ ..... 

7 

10. 3 

21 

.49 

:i. 18 

9 , 

fi 

9. (i 


. 40 

2. 11 

10 .. 


U.4 

30 

. Ot) 

2.82 

Moan.. 

0 

5.7 

20 

0.47 

3. 42 

Standard error of moan 


±0. Oil) 

±1.400 

±0. 0200 

±0. 171 


• Correlation coi'lUcient between the number of nodules ainl nitrogen fixed = ■f().55:L sipuificant at 5-per* 
cent level. 

2 Cormlation coeflicient between the number of nodules and nitrogen fixed =^+0.202; not .significant at 
S-percent level. 


Four of tlio cHillurcs employed in exfierimenl 1 (A, 107, 110, find 
101) were rt'oeived from otJier laboralorit's; the riunaining wei'e 
isolated locally. Cultures A and 107 wtde described as “good,’’ 101 
as “fair,” and 110 as “poor.” Preliminary tests had indicated that 
cultures 4, 18-11, 27-1, 32-III, and *54-1 combined in vfirying degrees 
the charficteristics of inferior nitrogen fixation with relatively liigli 
nodule production. On the other hand, cultures 12-11, 01-1, and 03-1 
had exhibited both good nitrogen fixation and low nodult' production. 

The data presented in table 1 indicate tliat four of the locally 
isolated cultures, i. e., 18-11, 27-1, 32-111, and 54-1, were inferior to 
the other four and to the four exogenous strains. Three of the inferior 
local cultures also produced a larger number of nodules. Cultures 4 
and 110 apparently had undergone some alteration in nitrogen-fixing 
ability or perhaps should be classed as “erratic,” a term that has been 
applied to strains exhibiting marked variability in nitrogen fixation. 
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These data indicate a more marked variability in the number of 
nodules produced by a given strain than in nitrogen fixed, the latter 
being rather uniform. 

The data in table 1 werc^ subjected to an analysis of variance to 
determine the significance of differences in the number of nodules 
formed and the quantities of nitrogen fixed by different strains of 
rhizobia. The results appear in table 3. 


Table 3." Summary of arialysis of variance in nitrogen fixation and nodule 
formation of strains of Ithizohiurn meliloti listed in table t 


JB'in 

! I>‘;^rt‘es of 
freiMloiii 

Sum of 
sfiuares 

Variance 

F 

5-[)er(!»'nt 

U'vel 

1-Oi‘rcent 

level 

Nitnmni fixation: 

Strains of rhi/.obiti 

11 

1 

0. 161 

O.OHVl 

6.600 

2. 00 

2. 66 

Error - 

16 

. io:i 

.0022 j 



1 

Total - 

f,7 1 

6 267 1 



■ ■ 


Level ol siRnilicance 

1 

. 



0. 031 

('.(Ml 

Nodule iorniation: 


1 





Strains ol rhizoiiia 

11 ! 

11 6.076 i 

10.82,51 

II.OSO 

2. 00 

2. (T) 

Error 

46 j 

35.361) i 

. 768H 




Total 

w'l 

154.412 : 


i .... 



Level of siimificiiiei' . . . 

2” 

- i 


...... 

0. 56.« 

0 750 


If the value of /’exceeds the values for the r)-perc(uit and l-perc(uit 
levels, the odds an* 19 to 1 and 99 to 1, resp(*ctively, that tin* variation 
is, correspondingly, significant and higlily significant. If the differ- 
ences in the mean values for nitrogen fixed and nodules form(*d, as 
recorded in table 1, exceed the levels of significance, th(*n the chanc(*s 
are 19 to 1 and 99 to 1, r(‘spectively, that such differences are not 
due to chance. 

In other words, the number of nodules formed by strains 18-11, 
27-“l, and 32~III are significantly higher than the number formed by 
the other strains, while the quantities of nitrogen fixed by these three 
strains and also l)y strains 54—1 ai-e significantly lower than for the* 
oth(*<r strains t<*sted. 

An application of the test for significance gave (*ssentially tin* same 
results. It is evidcujt from these data that variations in nodul(> 
formation and nitrogen fixation can be measured by tlie nu'thod 
employed in S(*curing the data presented in table 1. It is also believed 
that these data give a good indication of the degree of variability in 
nitrogen fixed and nodules formed by a given ciiltun* when replicated 
under as nearly the same conditions as possible. Figure^ 1 illustrates 
the remarkable uniformity in growth observed in replicated tests. 
Th(*se data, however, give no indication of the variations that might 
attend such marked alterations in light and temperature as occurred 
in subsequent experiments as a result of inability to control these two 
factors adequately. In order to gain such information, cultures A 
and 107 were included in every series of tests. The data collected 
in this manner are recorded in table 2. 
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As would be expected, variations are to be noted in these data both 
as regards nitrogen fixed and nodules formed. With few exceptions, 
however, the values do not vary far from the means. Of the 28 
individual tests here recorded of these 2 supposedly good strains, only 
1 test fell within the range later to be designated as definitely non- 
efficient and only 5 fell below the general average for the 217 locally 
isolated cultures. In 1 test of each culture the quantities of nitrogen 
fixed were unusually high. Strain 107 e.xhibiled a greater tendency 



FiGCHii 1. — The nlfalhi phirils in all live tiibiss were inoeulaterl with tiie 
strain (12 II) of Hhizohium mtliloli. 


to vary both in quantity of nitrogen fixed and in number of nodules 
formed than did culture A. 

The positive correlation between the number of nodules foi ined and 
the (luantities of nitrogen fixed, a (‘orrelation that is definitely signifi- 
cant in the case of strain A, is an interesting fact l)rought out b}" the 
data in ttible 2. This point will be referred to again. 

Altogether 217 cultures of Khizobhim meliloti were isolated from 
alfalfa and sweetclover nodules collected within a radius of 50 miles 
of Manhattan, Kans. These were tested for their ability to form 
nodules and fix nitrogen in a series of eight ex])eriinents (conducted 
during a period of slightly over a year. A presentation of the complete 
analytical data accuinulated in (connection with these tests does not 
seem essential. The data have been summarized and are presented 
in tables 4, 5, and 6. 


4i 4 
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Table 4, — Nodulatiorij growth j and nitrogen fixation in the presence of locally iso-- 
lated cultures of Rhizcioium meliloti 


! 

Experiment No. 

Cultures 

tested 

Average 
number of 
iukIuIcs per 
plant 

Average 
weight 
per plant 

I 

i 

Average 
nitrogen 
fixed per 
plant 

Average 
nitrogen 
in plant 

Correlation 
coefficient 
between 
nitrogen 
fixed and 
number of 
nodules ^ 

2 

Number 

45 

21 

36 

19 

16 

36 

41 

4 1 

Number 

9.4 

6.5 

5.8 
5.1 

10.3 

7.8 
10.8 

16.3 

Milligrams 

23 

19 

1.5 

15 

18 

21 

22 

12 

Milligrams 

0.41 

.41 

.38 

.37 

.34 

.34 

.45 

.32 

Percent 

2. 73 

2.93 
3. 73 
3.92 
2. 77 
2. 48 

2.94 i 
2.56 

2-0.393 
3-. 067 
3+.0145 
3-1-.044 
<-.6J3 
<-.387 

2 -.492 
3+. 45 

3 

4 

6 

(> 

7 . 

8 

9- - 

Mean. 


8.2 

19 

.39 

i 

3.01 






> The correlation cooflicient between nitrogen fixed and nodules produced for the entire 217 culturt^s was 
—0. 202, a highly significant value. 

* Highly significant. 

» Not significant. 

♦ Significant. 


Table ^— 'Classification of locally isolated cultures of Rhizohium meliloti according 

to nitrogen-fixing ability 



Cultures 

tested 

Cultures in indicated range of nitrogen fixation 

E.xporlTiient No. 

<0.30 

milligram 

0.30-0.39 

milligram 

0.40-0.40 

milligram 

>0.46 

milligram 


Number 

Number 

Number 

Number 

Number 

2 -..,. 

45 

11 

13 

s 

13 

3 , ^ , 

21 

3 

8 

3 

7 

4 

35 


18 

6 

6 

6 1 

19 

4 

7 

7 

1 

6 

16 

3 

10 

2 

1 

7 1 

36 

12 

12 

1 

11 

8 1 

41 

6 

7 

10 

19 

9 . 

4 

2 

0 

1 

1 

Total - . 

217 

45 

7.5 

38 

59 

Proportion of total 


Percent 

20.7 

Percent 

34.(5 

Percent 

17.5 

Percent 

27.2 


Table 6. — Relationship between number of nodules formed and nitrogen fixed by 
217 cultures nf Rhizobium meliloti 


Nurab(^r of nodules per plant 

(.hiltures 

Average 
number of ! 
nodules { 

Average 

nitrogen 

fixed 

IjCss than 6 

Number 

48 

64 

54 

22 

10 

10 

9 

Nu mher i 

3.9 

5.9 
8.6 

11.0 

13.6 

17.1 , 

24.2 

Milligram 

0.41 

.40 

.41 

.43 

.38 

.28 

.26 

Between 6 and 7.5 . .. ... 

Between 7.5 and 10.0 

Between 10.0 and 12.5 ... ... 

Between 12.5 and 15.0 

Between 15.0 and 20.0 , 

More than 20.0 ... 



The average weight, number of nodules, and quantity of nitrogen 
fixed per plant and the percentage of nitrogen in plants for each 
experiment and for the entire 217 tests are recorded in table 4. In 
table 5 is recorded the frequency distribution in nitrogen fixed per 
plant. The divisions of the data in this latter table are more or less 
arbitrary. 
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The mean nitrogen fixed by the 217 cxiltures was 0.39 mg. and that 
by the two presumably good strains was 0.47 mg. It is assumed that 
any culture equaling or exceeding the two control cultures in efficiency 
should be ranked as ‘‘good.'’ It is also arbitrarily assumed that any 
culture fixing less than 0.30 mg. should be ranked as “poor." Of all 
cultures examiiuHl 55.3 percent were below and 44.7 percent above 
the mean and are regarded as “inferior" and “superior," respectively; 
20.7 percent are classed as “poor" and 27.2 percent as “good." 



Fkiure 2. — yl, uninoculated alfalfa plants; /i, alfalfa plants inoculated with an 
inefTicient strain (192-V) of lihizohium. meliloti; C, alfalfa plants inoculated 
with an efiicient strain (A) of R. meliloti. 


Figure 2 illustrates the difftn*ence in growth observed betwecui plants 
inoculated with “poor" and “good" cultures. 

The data presented in table 4 show a surprising variation in the 
average* number of nodules per plant in the diflferent experiments. 
A careful inspection of the complete data will show, however, that 
this is accidental in that by chance there were relatively more cultures 
tested in experiments 6, 8, and 9 that formed a large number of 
nodules, and hence gave a high average nodule production for those 
experiments. Three of the four cultures in experiment 9 were high 
nodule-producing cultures. 

Attention has been called by a number of inv(*st.igators to an 
apparent negative association between the production of nodules 
and efficient nitrogen fixation. The data here presented seemed 
adequate to determine by statistical treatment the presence or ab- 
sence of such an association. Accordingly, the correlation between 
these two factors has been calculated for each experiment as well as 
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for the on tire 217 cultures, and the value of r (correlation coefficient) 
is recorded in the last column of table 4. Applying a test for sig- 
nificance to these r values it is found that in the case of experiments 
6 and 7 the correlation is significant, i. e., above the 5-percent level, 
while for experiments 2 and 8, and for the entire 217 cultures, it is 
highly significant, i. e., above the l-percent level. On the other 
hand, tlu^ r values for experiments 3, 4, 5, and 9 are not significant. 
An analysis of the complete data will reveal a relatively high degree 
of uniformity in nodule production in experiments 3, 4, and 5, indi- 
cating the abs(Mice of high nodule-producing cultures; the number of 
comparisons in experiment 9 is too vsmall to be of any value. In 
other words, if, in a given series of tests, there happened to be present 
some culture's of high nodule-producing capacity, a significant nega- 
tive correlation was found between nodule production and nitrogen 
fixation. In the absence of (at least a few) high noduhvproducing 
strains no such correlation was found be'.tween these two factors. 

As furtheu* evidence' in support of the conclusion reacheel in the 
preceding paragraph, the correlation (*oefIicie>nt was calculateel be- 
tween nodules produce'el and nitrogeiii fixed by 40 cultui’cs that were' 
rcte'steel. The^se culture's were sclecteHl because of wide variation in 
nitrogen fixation and nodule production anel combinations of these 
two characteristie^s. The value of r for these 40 pairs of e*e)m|)arisons 
was —0.523, a highly significant value. It seeuns safe, the'refore, to 
assume that the e'ultural or strain characleristie's e)f nodule production 
and nitrogen fixation are eiefinitely negatively assoeiateHl. 

On the otlu'r hand, if a comparison is made be'tween the number 
of nodules produced and nitrogen fixed by a single given strain, a 
positive corn'lation is obtained, as is evident from the data presented 
in tabh^ 2 for cultures A and 107. 

The available data are inadequate to establish defirntely whether 
low fixation of nitrogen, in the presence of high nodulation, n'sults 
from or is assoeiatcHl with soim^ physiological alteration in dm' or 
both of the symbionts, or wliether high nodule-producing and low 
nitrog(*n-fixing ability are associatc'd inherent chaiacteristics. 

The fact that of 28 individual tests conductc'd with the 2 control 
cultures under a widt' variety of conditions not one gave nodulation 
above the level for efficient nitrogen fixation (12.5 -15.0 noduh's per 
plant), and that a positive correlation was evident betw('en nodula- 
tion and nitrogen fixation in case of the individual strains, might be 
interpretc'd as indicating that both inheritance and some pliysiological 
factor w('re operating. In other words, it is possible that a given 
efficient culture is inherently limited in its ability to produce nodules, 
but any environmental factor which may tend to raise nodule produc- 
tion into the upper range of a culture^s capabilities will result in 
increased nitrogen fixation. This point is borne out by experience, 
since abundant nodulation by a ^'good^' strain is considered more 
valuable than limited nodulation by the same strain. 

It is of inb'H'st to note that the number of local cultures producing 
a large numlx'r of nodules was not very gn'at. In table 6 the 217 
cultures are arranged into 7 groups according to the number of nod- 
ules p)roduced. It appears from tlu'sc data that the number of 
nodules gives little indication as to nitrogen-fixing efficiency except 
as the number may be less than or may exceed 12,5 to 15.0 per plant. 
It has already been suggested that a negative correlation between 
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nodiilation and nitrogen fixation is not evident nnlc'ss some liigli nodide- 
producing strains ai(‘ f)res(‘nt, and the data in table (> indicate quite 
cleai‘ly wliy this is trii(\ 

There is also sonui indication in theses data that the larger the 
number of nodules, provided excessive nodulating strains are not 
involved, tlu^ more* nitrogen there will be fixed, in that the 10 -'12.5 
nodul(‘ group gav(^ the highest average nitrogen fixation. 

The data f)res(mted in connection with strain 107, table 2, indicate 
that considerable variation in nodide production is to be expected 
in some good strains, and the maximum average nodule production 
recorded for this strain (11.4) is approaching the point of maximum 
nod Illation compat ible with efficient fixa tion. The indications, 
tluu'efore, aie tliat variations in nodulation up to about 12.5 nodules 
per plant, as d(4.ermiiied in these experiments, is normal for good 
strains, whihr the production of nodules in ex(*ess of 15 per plant 
points to an inherent characteristic of high noduh'-fonning ability 
ass()ciat(‘d with low fixation of nitrogen. An examination of the 
comj)lete data will show that then' are sufficient exceptions to this 
generalization to indicate that other, as yet unidentified, factors 
may })e operating. 

SUMMARY 

An enclos(*d system of growing alfalfa plants for testing the nodule- 
prod u(*ing and nitrogen-fixing efliciency of (‘ultures of rhizobia is 
d('S(!ribe(i . Tin*, method is adaj)ted to both gnauihouse and outdoor 
conditions and re({uir(‘s a minimum of spacer and attention while 
])lants are growing, and, at the same time, affords a maximum of 
protection against accidental inoculation. Quantitative measiu’e- 
ments of growtli, nodulation, and nitrogen fixation are easily attained, 
and replicated tests as wt*li as ri'peated tests, at haist of “stable’^ 
cultun'S, agree well. 

Two hundn'd and sev(‘nt(‘en cultures of rhizobia were isolated from 
alfalfa and sweetclover in the vicinity of. Manhattan, Kans,, and 
their nodule-forming, nitrogen -fixing, and growth-stimulating abilities 
measured quantitatively by tlie method described. In comparison 
with (‘xogenous ‘‘good” strains, 27.2 percent of these cultures proved 
ecpial or superior, hence, may l)e classed as “good;” while 20.7 percent 
were suffi(*iently inferior to the general average to be classed as 
“poor.” 

A comparison of the number of nodules formed with the (piantities 
of nitrogen fixed by the 217 cultures revc'aled a significant negative 
correlation betwe(*n these two characteristics. The evidence indi- 
cates, however, that only when the number of nodules formed is 
relatively high, i. e., more than 12.5 to 15.0 per plant in tlu'se tests, 
dot'.s high nodulation become incompatible witli efficient nitrogen 
fixation. Extensive studies with two separate “good” strains gave 
a positive correlation between nodulation and nitrogen fixation, but 
in no case did nodulation attain the ininimum suggested as being 
associated with ineffici(?nt nitrogen fixation. These facts suggest the 
inherent association of higli nodulation with inefficient nitrogen 
fixation and low nodulation with efficient nitrogen fixation. Further 
studies along these lines are highly desirable. 




FACTORS AFFECTING ONION PUNGENCY* 


By Hans Platenius, research assistant professor of vegetable crops, and J. E. Knott, 

formerly research professor of vegetable crops, New York (Cornell) Agricultural 

Experiment Station 

INTRODUCTION 

Both mild and pungent onions are demanded for food, the particu- 
lar use being made of them determining the type required. When 
onions are used in salads, for seasoning, or as a cooked vegetable, 
bulbs of relative mildness are usually pn^f erred. On the other hand, 
a market for highly pungent varictit'S is created by the manufacturers 
of such products as sauces, canned soups and extracts, sold in the form 
of onion powder and onion salt. 

The factors in(lu(*ncing tlm pungency of onions should be of int(u- 
('st to producers and buyers, (^specially those who use large quantities 
of this vegetabh^ for manufacturing various food products. Here- 
tofore, no such study has been carried out, mainly because no method 
was available of measuring small difh'rences in pungcuicy with any 
degn'C of accuracy. By means of tasting tests, it is possible to decide 
whether one particular bulb is stronger than another oih', but such a 
proc(Hlure hardly huids itself to an accurate classification of a large 
nuinlxu* of varieties. 

Tlu' particular constituent to which the onion (Allium cepa L.) 
owes its puiigeiicy was first identified by Lcumnlcr as a volatile oil, 
known clKunically as allyl-propyl-disulfide. Basted on these findings, 
a method was d(‘veloped by Platenius for dc^termining quantitatively 
the content of volatih* oil in the bulbs. Aft(u* prolonged hydrolysis, 
th(' onion oil is distilled and the total sulfur content is determined in 
th(' distillate. Th(' depiMHlability of this method has frixfiKuitly been 
clu'cked against tasting tests, and in eveuy instance the differences 
found noticeable l)y tasting tests corresponded to dilT(*rences in tlie 
volatile-sulfur content of tlie bulbs. This fact cannot Ix' considered 
as conclusive pioof of the reliability of the method; still, it is the 
only confirmation of its value available at the pn^sent time. 

Preliininary ('xperiments carjied out by tlie wi’iteis established the 
fact that onions diffei* in j)ungency not only as a result of genetic 
factors but also Ix'causi* of soil and other ecological conditions. It was 
found, for instance, that Italian Red onions imported from Italy were 
consistently milder than bulbs of the same variety grown in New York. 
In an earlier publication,'^ the writers also showed tliat the pungency 
of onions increases with maturity until the tops Ix^gin to fall over. 
This makes it necessary to compare the ])ungency of different varieties 
when the bulbs have reached the same degree of maturity. 

> U('ceive<l for publical ion June 29, 1940. Paper No. 217, Department of Vegetable Crops, Cornell 
University. 

2 Lemmi.kk, F. W. das ATiiERisciiF, Oi. DEU KltcHENZWiEBEi. (ali.ium CEPA i .l. Arch. (ler Phariti. 2:i0: 

443-448. 1892. 

3 Pl.ATEMl^a, UaNS. a METHOD FOR ESTIMATING THE VOLATILE SULPHUR CONTENT AND PUNGENCY OF 
ONIONS. Tour. Avr. Res. 51: 847-8.53, illus. 193.5. 

< Platenius, TIans, and Knott, J. E. the pungency of the onion bulb as infli*knced by the 
.STAGE or DEVELOPMENT OF THE PLANT. Amer. .Soc. Hort. Sci. Pro<i. 33: 481-483, illus. 1930. 
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The present study was undertaken to classify the most important 
commercial varieties with respect to pungency and to ascertain to 
what extent factors such as soil conditions, temperature, moisture 
supply, and storage influence the pungency of any one variety. 

RELATIVE PUNGENCY OF DIFFERENT ONION VARIETIES 

In the study carih'd out in 1936 and 1937 a comparison was made 
of the relative pungency of 16 varieties of onions, including most of 
the commercially important types. As is commonly known, certain 
vari(‘ti(*s, such as the Bermuda, arc poorly adaptcnl to production in 
nortlu'rn latitude's because of the unfavorable coml>ination of day 
length and tempera tui(' during the growing season. For tliat reason, 
six of the varieties studied wen^ obtained from the Texas substation 
at Winter Haven, ^ while all tin' others were grown at Ithaca, N. Y. 

At Winter llavc'ii, the usual ciiUnral practices of that region W('re 
followed. The soil, a fine sandy loam, received an application of 250 
pounds of 1 i-48 (1 fertilizer per acn', and the necessary moisture was 
supplied by furrow irrigation. The onions wen* grown from s(*ed, 
and the seedlings were set out in December. Tln^ mature bulbs were 
harvested in April, shipped to Ithaca by expicss, and analyzed for 
volatile-sulfur content within a few days alter they were received. 

At Ithaca, 10 vari(dies adapted to northern (iimates Avert' grown on 
a gravt'lly sandy loam, Avhich had receivtui an application of 10 tons 
of manure and 1,500 pounds of a 5-"10-5 fertilizer per acre. The 
onions were stalled from seed in February, and the st'cdlings were 
transplanted to tln^ field the end of April and liai'vested during August 
and Septemlx'r. An overhead irrigation systtun supplied adequate 
moist tu*e during periods of insufficient rainfall. 

Because it is known that the stage of maturity has an influence on 
the degree of pungency, care was taken to luuwest all varieties w hen 
they had developed their maximum content of volatile sulfur, or 
wdien the tops began to fall over and wilt. Analyses for* volatile 
sulfur weix> made wdtliin 2 weeks after harvest. A composite sample 
from at least 25 bulbs w^as taken for analysis. Dry -weight deter- 
minations were made on lOO-gm. aliquots dried in a ventilated oven 
at 60° C. for 48 hours. 

The I’csults of this study are presented in table 1, wdiicli lists the 
diflerent varieties in ascending order of pungency based on tlie deter- 
minations made in 1937. Because the data for early varieties grown 
in Texas are hardly comparable with the data for those from New 
York, the varieties are grouped separately according to their source. 

It will be noticed that, in general, the volatile-sulfur content of the 
onions was higher in 1936 than in 1937, probably because of differ- 
ences in the prevniling climatic conditions. At Ithaca the growing 
conditions were more favorable for the development of the bulbs in 
1936 than in 1937, as indicated by a considerable difference in the 
average weight of the bulbs of each variety at harvest time. More 
important is the fact that the order, or relative pungency, was the 
same for all of the early Texas varieties in both years, and that in the 
late varieties this order was changed only slightly in four of the varie- 
ties studied. 

» The wrilcrs are indebted to Mr. L. R. Hawthorn of the Texas Experiment Substation No. 19, Winter 
Haven, for supplying the samples in 1936 and 1^7. 
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Table I, - - VolatUe’Sulfur content on a freah^iveight haais, percentage dry matter ^ 
and average frenh weight per bulb of 16 varieties of onio7is grown at Winter Haveny 
Tex., and at Ithaca, N. T,, in 1036 and 1037 


Jlcsults for 1939 Results for 1937 


Variety and wlK'n’ jirown 
• 

veraKe 
fresii 
weijrlit 
per bulb 

Volalilc- 

siilfur 

content 

f)ry- 

inatter 

content 

. 

Averat'c 
fresh 
weiirht 
per bulb 

Volatile- 

sulfur 

content 

Dry- 

matter 

eontent 

Winter Haven. Tex.: 

P. J*. I. IfKMm - 

Gra ms 

I*, p. m. 

Percent 

Grams 

165.8 

P. p. rn. 
61. J 

l^ercent 

10. 01 

Early Grano ... 

21(1. 5 

(»8. 1 

8. 71 

206. 5 

65. 2 

7.35 

Yellow Bermuda . 

132.6 

72.3 

10. 58 

125. 9 

87.4 

8. 97 

Crystal Wax . 

134. 2 

97. 9 

10. 27 

106. 2 

98. 1 

8. 91 

Wliite Creol<‘ . 

57. 2 

129. 1 

10. 20 

69. 3 

127. 6 

8. 63 

Red ( -reole. 

Ithaca, N. Y.: 

81.2 

155.3 

19. 40 

70.2 

143. 1 

9. 69 

Early Grano . . 

22U. 1 

I 67.5 i 

6.97 J 

148.7 

59. 5 

7. 22 

Early Yellow' Globe 

j 2:i9. 4 

; fU. 1 i 

9.53 

152. 6 

72, 5 

9. 82 

Utah Svve(‘t Spanish . . 

1 393. 6 

i 97. 9 1 

7. S9 

i 221.0 

78.7 

6. 87 

R<*d Rocca 


! 


205. 0 

81. 1 

7. 97 

Mountain Danvers . 

vMMl.R 

i 126.6 

10. 72 

143.6 

88, 2 

9. 42 

Red M^d-her.sfield. . 

2m. 5 

! 123.0 

12.00 

146.6 

98. 3 

10. 73 

RriRham Yellow 01f)be . 

265. 2 

i 117.3 

12.08 

176.9 

116. 2 

10. 31 

'i'ellow Globe Danvers . . 

244. 8 

i 124. 5 

12. 08 

151.4 

121. 5 

16. 66 

Ebenezer.., - . .. 

Australian Brown 

156.6 

1 156. 9 

14. 88 

122.0 

123.0 

134. 1 
144. 5 

13.92 
10. 13 


1 i ! I i 


KlU’ly Gnino, tho only variety ^rown in botli Texas tmd New York 
in this ex])eriinent, })roved to lx* one of the niildest tyjH’S in both 
groups. ]t was exceeded in mildness only by F. P. I. l()()0r)4. Red 
Rocca, suprisingly, was more jiniigent than some of the nntive varie- 
ties, ahhongh wlien imported from Italy it is known to be the mildest 
onion available. This suggests that under certain conditions the 
influence of soil and climate may be more important than genetic 
factors in determining the ]>ungencv of onions. Early Yellow Globe 
and the Utah Sweet Sjianish are other varieties which, on the basis 
of these <la,ta, must be cousi<lered mild. In the medium-pungent 
groups should be listed the yellow Bermuda, Crystal Wax, Red 
Wethersfield, Brigham Yellow Globe, and Yellow Globe Danvers. 
Outstanding as ])ungent varieties are the Chi'oles, Ebenezer, and Aus- 
tralian Brown. Obviously these hist-nained varieties should be given 
first consideration in selecting stock for manufacturing ])urposes for 
which onions of extreme pungency are desired. 

From a study of the moisture content of different varieties of onions. 
Jones and Bisson drew the following conclusion: 

Kvidently, those \'arieties tliat an* considoroci mild and of rather poor .storage 
(piality have the higliest moisture eontent, wliereas those that are the most 
i:)imgent and keep best in storage have the lowest moisture content . 

This suggests that pungency in any variety is merely a matter of 
relative concentration of the dry matter, iTicluding onion oil. To 
some extent, this view is supported by the data in taWe 1, although 
it must not be overlooked that there are several notable exceptions. 
Australian Brown and F. P. I. 106054, the strongest and the mildest 
varieties included in the study carried out in 1937, both had a medium 
water content of 90 percent. 


® JONBs, H. A., and Bisson, C. 8. moisture content or different varieties of onions. Amcr. 
Soc. Hort. Sci. Proc. 31: 165-168. 1934. 
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In this connection attention should be called to the fact that in 
these experiments there was faiily good correlation between the aver- 
age fresh weight of the bulbs and their relative mildness. 

EFFECT OF ENVIRONMENTAL FACTORS ON ONION PUNGENCY 

TEMPERATURE 

In 1936 an experiment was conducted in the greenhouse to deter- 
mine the effect of temperature on the pungency of onions. Thirty 
plants of Yellow Bermuda were grown in each of several iron drums 
22 inches in diameter and 17 inches in depth. The drums were filled 
with a sandy-loarn soil ; and by means of an automatic watering device, 
connected by glass tubing to the base of the drum, a water table 12 
inches below the surface was maintained. Two dnims were placed 
in each of three greenhouses, in which the respective temperature 
ranges were from 50° to 60°, 60° to 70°, and 70° to 80° F. The 
experiments were started in January and the bulbs were harvested in 
June. Because it was impossible during the last month of growth to 
maintain an average temperature below 70° in any of the houses, the 
data from this experiment must be considered as inconclusive. How- 
ever, since such striking differences were obtained from the tempera- 
ture treatments, the results of this expreiment arc presented in table 2. 
According to these data, the onions grown at a temperature of from 
70° to 80° were three times as pungent as those grown at from 50° to 
60°. In evaluating these data, consideration must be given to the 
physiological age of the plants. At the time the onions were harvested 
the tops of the plants in the warmest house (70° 80°) had died down 
completely, whereas those in the coolest house (50° to 60°) were still 
growing vigorously. Differences in ptingency in the three lots can 
therefore be attributed in part to differences in the stage of maturity. 
In an earlier paper the writers pointed out that until the time when 
the tops begin to fall over the pungency of the bulbs increases steadily. 
Undoubtedly the results of this experiment would have been less 
striking if the bulbs from the three temperature treatments could have 
been harvested when the plants had all reached the same physiologi- 
cal age. 

An attempt to repeat this experiment in 1937 failed because of 
serious damage to the plants by red spider and thrips at the high 
temperature. 


Table 2.- — Volatih sulf ur content on a fresh-^weight basis, percentage of dry matter, 
and average fresh weight per bulb of Yellow Berniuda onions grown in the green- 
house at three different temperatures. 


Growing temperature > (°F.) 

AN'orage fresh 
W’eight per 
bulb 

Volatile-sul- 
fur content 

Dry-matter 

content 

50°“f)0°. . 

Gramn 

66 

74 

46 

P. p. m. 
42.8 
80.0 i 
130. 9 

Percent 

8.37 
7. 98 

7. 38 

60°'70°, - . . j 

70°-80° 



> During; the last month of growth, the temporature in all housos varied from 70” to 80°. 


’ See footnote 4. 
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WATER SUPPLY 

Seedlings of Early Grano, Ebenezer, and Utah Sweet Spanish were 
transplanted to the field late in April 1986. The sandy-loam soil 
received an application of 10 tons of manure and 1,500 pounds of a 
5-10-5 fertilizer per acre. The rows of each variety were so arranged 
that one-half of each row could be supplied with additional water by 
overhead irrigation. During the growing season of May 1 to Sep- 
tember 1 a total of 9.41 inches of rain fell. Oue-half of each row 
received sufficient irrigation to provide in all about 1 inch of water a 
week, or a total of 17 inches during the growing season of 4 months. 
When the tojis had fallen over, the bulbs were harvested and their 
content of volatile sulfur determined. The data are presen te'd in 
table 8. In every instance the bulbs grown with additional water 
were larger and less pungent than those which had been dependent 
on the natural rainfall. The redin^ed pungency of Early Grano and 
Ebenezer as a result of irrigation w^as due in part at least to the higher 
w ater content of the irrigated bulbs, which tended to reduce the con- 
centration of volatile sulfur in the bulbs when the data w^ere expressed 
on a fresh -weight basis. 

Table 3 . — Effect of irrigation on the average weight of hulhs, the content of volatile 
,sidf ur on a fresh-weight basis, and the percentage of dry matter of onions of three 
varieties 


Variety 


Water supply 


Averape i Volatile- i Dry- 

fresh weipht ; sulfur ' mutter 

I)er hull) eontent ' content 


Early OruiU) . . . 

Ebenezer... 

lltah Sweet Spanish 


If Not irripatiaL. 

I ! Irrigated _ 

1 1 N ot irrigated . 
I Irrigated 
/Not irrigate<l . 
\ Irrigated 


(iraitiK 

H. p. m 


Pr.Tccni 

iM. 2 ; 

82. 

5 i 

7. 35 

220. 1 : 

07. 

5 

0. 07 

77. 5 

102. 

'S 

15.42 

150.0 : 

1.50. 

0 

14.88 

208.4 : 

io:{. 

0 

7. 72 

mo 

07. 

0 

7. 89 


i 


No doubt the ('fleet of irrigation oh tlie pungency of the bulbs 
dei)ended on the increase in available soil moisture. If tlie natural 
rainfall had been hij^her during that particular season, differences in 
pungency betw^een irrigated and nonirrigated lots would probably 
have been negligible. 


SOIL TYPES AND WATER SUPPLY 

In the second (‘X})('rim('nt the infliKUice of soil typ(‘s and water 
supply w^ere studied in the gretuihoiisf^ at an average w (*('kly tempera- 
ture of F. Iron drums 22 inchc's in diameter and 17 inches in 

depth wore used as ('ontairu'rs for the soil. Four drums w^ere filled 
with a well-d(H*omposed woody peat, four with a sandy loam, and four 
with a sandy soil. In two drums of each soil tyi)e the water table 
was maintained 12 inches below the surface; in the remainder it w^as 
held at a deptli of 16 inches. The water table was controlh'd by nu'ans 
of an automatic watering device connected by glass tubing to the base 
of the drum. The low water level pr()vided adequate moisture for 
the growth of the onions in the peat soil without surface application 
of watc^r. It was found necessary, how^ever, to add occasionally an 
equal quantity of w^ater to the surface of each of the drums containing 
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sandy loam and sandy soil at a low water level in order to maintain 
growth. 

Fertilizer of S-KKr) analysis was added to each drum at the rate of 
1,000 pounds per acre. In October 1930, 30 sets of Yellow Globe 
Danvers were plantc'd in each driun. Beginning in January 1937 a 
15-hour photoperiod was provided by means of Mazda lights. The 
bulbs were harvestcHl in May 1937, and their content of volatile sidfur 
was determined. TIk‘ data in table 4 indicate that the higher cont(Mit 
of soil moist lire increased the average weight of the bulbs and decreasi'd 
the volatile-sulfur cont(>nt wdien compared wdth bulbs grow^n at a low 
w'at(‘r table. Tln^sii (experiments are in agrecunent wdth thos(5 obtained 
outdoors in (*xperim(‘nt 1 . There w^as also a marked differcuice in tlie 
pungeiuy of the bulbs, depending on tln^ soil type in wdiich th(>y W'^cuc^ 
grown. Th(‘ most pimgcuit onions WTre harvested from the peat, the 
mildest fi*om the sandy soil. 


"Pable 4. — Effect of soil type and sulfur content and of the water supply on, the average 
weight of hulbSy the content of volatile sulfur o7i, a fresh-weight hasisy and the per- 
centage of dry ^natter of Yellow Globe Danvers onions^ grown in the greenhouse 


S()illyi)e 

1 

Ai^|>roxiinal;e 
I)er(^nt aire of 1 
sulfur in the 
soil 

W’ater supply 

A V erage 
fresh weight, 
per bull) 

Volatile- 

sulfur 

content 

1 >ry- 
inaf ter 
content 

Peal 

Samly loam 

Sandy soil 

Percent 

0. -170 

1 

. 030 1 

.004 

/ (jOW 

Gramit 
•10. i 
61. H 
20. 0 
00. 1 
•11.0 
60. 0 

P. p. tn. 
101.4 
86. S 
80. .3 
74.9 
04.0 
40. 6 

Percent 

12.60 

12. IH) 

13. 10 

1 12.84 

13.01 

[ 12. 88 

Uligh. 

/Low ... 

lUigh 

/Low 

lUiph 




The appi’oximatc values for the total sulfur content of the thrc'c 
soil types used in this (>xperim(‘nt are included in table 4. Tluese 
data are averagers determiiuMl for New York soils by Wilson and Staker^ 
and by Bizzell.® The addition of the (*quivalent of 1,000 pounds of 
5-10-5 fertilizer per a(*re to the drums did not change*- these values 
appreciat)ly. 

A striking cori*(*lation (*xists between tlK* pungtaicy of tin* onions 
and the soils on which th(*y were grown. HoW’ev(‘r, this relationship 
is l)y no means pro])ortional. WhiTeas the sandy loam contains 
roughly 10 times and the peait 100 times as mu(*h sulfur as the sandy 
soil, the cori-esponding volatile-sulfur cont(‘nt of the onions was only 
25 and 58 jiercent higher on the sandy loam and pe^at than it was on 
the sandy soil. It should b(^ rememb(*red that th(^ sulfur analyses of 
the different soil types inedude both available and unavailable forms of 
sulfur. These comparisons are based on determinations made for 
pungency of onions grown with a low wuiter supply. A similar rela- 
tionship exists between those grown on soils with a high water table. 

APPLICATION OF SODIUM SULFATE 

Drums similar to those used in the previous experiment were filled 
in duplicate with a W(dl-decomposed peat, a clay loam, and a sandy 
loam. Bank sand was placed in four ailditional drums. All were 

8 Wilson, B. D., and Stakeb, E. V. the chemical composition of the muck soils of new york. 
N. Y. (Cornell) Agr. Expt. Sta. Bui. m, 26 pp. illus. 1932. 

» BI2ZELL, J. A. THE CHEMICAL COMPOSITION OF NEW YORK SOILS. !N. Y. (Cornell) Agr, Expt. Sta. Bui. 
M3, 26 pp., illus. 1930. 
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fertilized with an equivalent of 1,000 pounds of a 5-10-5 analysis per 
acre. In addition, two of the drums containing hank sand received 
an application of sodium sulfati' at the rate of 000 pounds {)er acre. 
The water table was maintaiin'd automatically at a level of 16 inches 
below the surface in all ilrums. Only distilled water was us('d for 
irrigation. Y(*llow Bermuda were transplanted, *10 to a drum, in 
October 1987; th(‘ mature liulbs wer(‘ harvested in May 1988. The 
temperature of th(' greenhouse was maintaiiu'd at 00° to 70° F. and 
tlH‘ daily photop(‘riod ]engthen(*d as in the previous experiment. The 
data in table 5 again show tiuit onions grown on p(‘at soil ar(‘ not only 
larger but also considcu'ably mon* pungent than thos(' from other soil 
types. The smalh'st and mildest onions w(T(' harvested from sand 
and sandy loam soil. 


Tabt.e r).— Effect of noil type and of sulfate content of the soil on the average vwight 
of bulbs, the content of volatile sulfur on a fresh-weight basis, and the percentage 
of dry matter of Yellou' Hermuda onions grown in the greenhouse 


Soil tyiM* 

j ApproxiinaU' 
i iMTocntapc of 
j .sulfur in the 
i .‘?oii i 

i A 

1 fresh vveiLdit 

1 per bulb 

Volatile- : 
sulfur j 
eon tent ; 

Dry- 

matter 

content 

IVat 

Percent 

0. 470 

; 1 

Graves 

\ (W.2 

P. p. VI. 
167.2 1 

Percent 

n. 11 

I -OMIII . . . 

Sand V loam ... .. . 

i . im 

i . {YAM 

i 4S. 2 

i AM. A 

126.2 j 
SI). 4 

10.42 
ID. f)K 

Sami (low sulfalc) .... 

1 . 004 

i 20. 4 

72.8 

8. 77 

Sand (liinh sullato) 

1 . 008 

I 30. 

77.0 I 

8. 70 


Again tlu'iv' was a din'ct relationship b(‘tween th(' j)ung(‘n(‘y of llu* 
bulbs and lh(‘ sulfur eoiitc'nt of lh(‘ soils on which they w(‘re grown. 
Th(‘ addition of an (‘quival(*nt of 000 pounds of sodium sulfate p(*r 
acre to the sandy soil doiibh'd the perc(‘ntag(* of sulfur pr(‘S(‘nt but 
was insullieient to have* an a])|)r(‘ciabl(* ('Ife'cl on the pungency of the 
onions. At any rate, the* sliglit incicase* in volatile sulfur of the* bulbs 
from sanel to wdiich sulfate* liad be*(*n adde*d is probably not signifi(*ant. 

Tlie*se re*sults le*a(l to the* conclusion that e)n a conunercial scale* it 
is not fe*a-sible te) incre*ase* the* pungency of onions by the addition of 
fertilize*rs of a high sulfur content because* the* quantities require*d to 
|)roduce* a notice'able e*fTe*(*t is unre*asonably large. 

STORAGE 

Kxperiinents te) study change's in the* punge'ncy of onions he*ld in 
C’old storage* we*re* unde*j*tak(*n in 1980 and 1987. Yellow (llobe 
Danvers and IJtali Swe*e*t Spanish were store*d in buslie*! crate's and 
ke})t in an (*xperimental cold-storage* room at 88° F. Temperature 
lluctuations in the* room eliel not e*xe*e*e*el dr 1.5°. At inte*rvals sample's 
were taken for analysis to de*te*rmine changes in the* conte*nt of volatile 
sulfur anel moisture*. At the* same time*, re*ce)rels we*re taken of tlie 
shrinkage that oe'curi’eel during tlie diffe*rent storage pe'rioels. Since 
the bulbs showed neither spouts nor decay none were discarded during 
the storage period; consequenth" shrinkage data represent weight 
losses only. 

The results of these experime*iits arc summarize*el in table 0. It will 
be noticed that the volatile-sulfur content increased as the storage 
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period progressed. However, this increase in pungency appeared to 
proceed at a slower rate toward the end of the storage period ; in fact, 
the lot of Yellow Globe Danvers stored in 1937-38 showed a slight 
decrease in its content of volatile sulfur. 

Shrinkage losses and changes in the percentage of dry matter are 
partly responsible for variations in the volatile-sulfur content of the 
different samples. However, table 6 reveals that these two factors 
alont‘ cannot account for the general tendency of volatile sulfur to 
inen^ase during the storage period. Instead, it is evident that some 
of the onion oil was formed during storage from other forms of sulfur 
and organic constituents in the bulbs. 


Table i}.— Shrinkage ^ content of volatile sulphur on a fresh-weight basis, and per- 
centage of dry matter of onions of two varieties when held in storage at F. for 
different periods 


Variety 

Date sampled 

1 

Shrinkage 

Volatile- 

sulfur 

content 

Dry- 

matter 

content 



Percent 

P. p. VI. 

Percent. 

1 

fSept. 17, 1636 


no. 1 

11.52 

Yellow Globe Da Fivers .. ...i 

Joct. .Mm 


128. 6 

11.34 


INov. 5,im 


138. 2 

10. 92 


[May 15, 1937 


139.0 

10. 09 


(Aiie:. .30, 1937 

6. i 

78.7 

6. 87 

Utah Sweet Spanish 

JSepl. 28, 1937 

1.77 i 

96.3 

8. .50 


1 Nov. 4, 1937 

2.60 1 

96.8 

6,91 


(Dec. 21,1937 

7. 05 

113.0 

6. 72 


fSept. 27, 1937 

0. 

114.2 

7.11 

Yellow' Globe Danvers ... 

INov. 3,1937 

.42 

12.5.2 

S. 16 


] Dec. 20. 1937 

2.68 

1.51.4 

8.25 


(Feb. 22,1938 

3.72 

144.2 

7. 83 


SUMMARY 

This study is concerned with the pungency of onions as affecttHl by 
inherited charact(>ristics, growing temperature, soil type, wattu- supply, 
and storage. The relative pungency of different samples was mi^as- 
ured by determining chemically the volatile-sulfur content of the 
bulbs and thereby their content of onion oil, which is the substance 
that gives the onion its characteristic pungent taste and odor. 

Of the different factors studied, the inherent characteristics of the 
varieties examined had the most pronounced infliKvnce on pungency. 
Some varieties were found to contain nearly three times as much vola- 
tile sulfur as others. On a dry-weight basis, thest^ differences were 
much smaller, showing that to some extent relative pungency is merely 
a question of concentration of dry mattc'r. 

An experiment in which onions were grown at different teunperaturos 
indicates that the pungency of onions tends to increase as the average 
temperature is raised. However, the results of this experiment must 
be considered as inconclusive. 

Next to variety, the typo of soil on which the onions were grown 
was the most important factor in determining pungency. Onions 
grown on a peat soil were roughly twice as pungent as the saim? variety 
grown on a sandy soil, while onions on loam or a sandy loam were 
intermediate in pungency. There was a direct correlation between 
the volatile-sulfur content of the onions and the total sulfur content 
of the soil on which they were grown. However, this relationship was 
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not proportional. Where tho percentage of sulfur in sandy loam was 
about 10 times as high as in sandy soil, the corresponding difference 
in the volatile-sulfur content of the bulbs was only 25 percent. 

Overhead irrigation or a high water table always caused a small, 
but consistent, lowiiring of the volatile-sulfur content of tho bulbs, and 
tliis was associated with a pronounced incnuiso in th(i size of the bulbs 
grown with an abundant supply of moisture. 

In cold storage, over a period of s(‘.veral months onions slowly in- 
creased in pungency. This increase may b(^ accounted for in part by 
the loss of water and carbohydrates as a result of transpiration and 
respiration. 
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STERILITY AND ABERRANT CHROMOSOME NUMBERS 
IN CALORO AND OTHER VARIETIES OF RICE ■ 

By Jenkin W. Jone.s, senior agronomist^ and A. E. IjOngley, associate botanist ^ 
Division of Cereal Crops and Diseases y Rurea^i of Plant Industry, United States 
Department of Agriculture 

INTRODUCTION 


Recent interest in tb(‘. artificial production of polyploids in various 
plant species sugp:ested the desirability of a sc^arch for similar but natu- 
rally occurring cliroinosomal alxuTants in rice. Most of these were 
sought in the Caloro variety growing at the Biggs Rice Field Station, 
Biggs, Calif. 

In this rice-growing section maximum daily temperatures are high, 
and the daily range' of temperature' is often as much as 40° F. during 
the summer months. Extremes and sudden changes in temperature> 
have been reported to cause chromosomal abeurations in plants, and 
Matusima {12) ^ re^porte^d the' finding of tetraploid cedis in the root 
tips of rice sen'dlings exposed for a short time to temiperatures of 
42° to 45.5° C. 

The stage at which chromosomes are most easily affected by envi- 
ronmental changes is thought to be at the time of sporogenesis. In rice 
this appears to occur 10 to 15 days prior to heading. In the Caloro 
variety in California it occurs during and following periods of higli 
temperatures and wide daily ranges in temperature. For example, 
in 1935, 1936, and 1937, the maximum temperature varied from 
100° to 108° F. and the daily range was as high as 47° during the 
period in which the Caloro variety was forming gametes. It is pos- 
sible, therefore, tha t such extremes and ranges in temperature may Ix' 
responsible in part for the chromosome aberrations reported in this 
paper. The temperature may act directly upon meiosis, resulting in 
the production of abnormal gametes similar to those observed by 
Nandi {29)^ or it may cause somatic mutations that eventually em- 
brace the germ cells. 

Most of the material on which cytological studies were^ made was 
collected by the senior writer at the Biggs Rice Field Station, and all 
cytological studies were made by the junior writer. 

The Caloro variety, in which most of the material was collected, 
is the leading commercial rice in California. It was selected at Biggs 
in 1913 by E. L. Adams ® and C. E. Chambliss ^ from Early Watari- 
bune, a variety of rice {Oryza saliva L.) introduced from Japan in the 
same year by W. K. Brown, of Butte City, Calif. Caloro was dis- 
tributed and named by the senior writer in 1921. It is a midseason, 
short-grain variety. 

’ Received for publication December 2, 1940e 

* Italic numbers in parentheses refer to Literature Cited, p. 396. 

* Of the Bureau of Plant Industry. 
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PREVIOUS INVESTIGATIONS 

Prior to 1930, all the cultivated varieties and mutants of rice that 
had been investigated cytologically had 12 chromosomes in their 
pollen mother cells. In the last 10 years, however, haploid, ancuploid, 
triploid, and tetraploid plants also have been discovered and described. 
In the following tabulation is given a list of the papers published on 
cytological studies of Oryza saliva. 


Somatic chromosome number: 


Refereneos 


Diploid 24 


Kuwada (/I) 1910; Nakatonii {27) 1923; Rau {50) 
1929; Kato, Kosaka, Hara, Maruyama, and 
Takigiichi {10) 1930; Selim {52) 1930; Morinaga 
and Fukushima {16) 1931; Nakamura {25) 1931; 
Ramiah {A2) 1931; Hedayetullah {3) [1934]; 
Ichijima (.9) 1934; Ramiah, Parthasarathi, and 
Ramanujam {43) 1935; Sakai {55) 1935; Miya- 
zawa {13) 1935; Ramanujam {36) 1935, {37) 
1930, {40) 1938; Nandi {23) 1936, {2.9) 1937; 
4^akahashi {54) 1936; Sethi {53) 1937; Partha- 
‘ sarathy {34) 1938, {.%5) 1939. 

04 I /Nakamori (23) 1932; Ichijima (9) 1934; Rama- 

Aneuploidfc,24Mornioi(, (.%■) 1937; Parthasarathy (.9.?) 1938. 

1 Mori naga and Fukushima {17) 1931, {13) 1932, 
j (1.9) 1934; Ramiah, Parthasarathi, and Rama- 
nujam {45) 1933, {47) 1934; Nakamura {26) 

1 1933; Ichijima (9) 1934; Takahashi {54) 1936. 

i Nakamori {23) 1932; Ramiah, Parthasarathi, 
and Ramanujam {46) 1933; Ichijima (9) 1934; 
Morinaga and Fukushima {20) 1935; Ramanu- 
jam {38) 1937. 

/Nakamori {24) 1933; Ichijima (9) 1934; Morinaga 
land Fukushima {21) 1936, {22) 1937. 


Haploid 12 


Triploid 36 


'tetraploid 48 . 


HAPLOID PLANTS 


In 1931, Morinaga and Fukushima (17) found a rice plant among 
Fi plants of an intervarietal cross between Dekiyama (normal) and 
Bunkitu-to, a dwarf variety, that proved to be a haploid. In 1933 
Nakamitra (126) y and Ramiah, Parthasarathi, and Ramanujam 
(45) reported on haploid rice plants, and since then others have 
been reporting on similar studies (see tabulation above). A small 
sterile plant from the cross Blue Rose X Carolina Gold was 
observed at the Biggs Rice Field Station in 1930. This plant was 
shorter and had narrower leaves, shorter panicles, and much smaller 
florets than other Fi plants of the same cross; it was morphologically 
essentially the same as plants that later proved to be haploids. The 
collection of verified haploid plants of rice in the United States began 
in 1934. In that year, H. M. Beachell ^ sent to Washington, D. C., 
a small sterile plant from a segregating jjopulation of a cross between 
Rexoro X Blue Rose, and in 1936 a similar plant from the Latex 
variety. In 1936, N. E. Jodon ^ also sent to Washington a small 
sterile plant from C. I.® 8lC X Blue Rose, and the senior writer 
sent in a similar plant from a pure-line selection (No. 241B7-29) 
from the Biggs Rice Field Station. These four plants have been 


* Ot the Division of Cereal Crops and Diseases, stationed at Texas Agricultural Substation No. 4, Beau- 
mont, Tex. 

« Of the Division of Cereal Crops and Diseases, stationed at the Rice Experiment Station, Crowley, La. 
» L refers to accession number of Division of Cereal Crops and Diseases. 
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grown in a greenhouse since they were received from the field, and in 
1937, 12 univalent chromosomes were found in the prophases of the 
first reduction division of their pollen mother cells. 

These haploid plants grow more slowly and have smaller culms and 
narrower leaves than normal plants of the varieties or populations 
from which they arose, and the panicle branches are short and th(5 
florets are small and sterih*. Haploid No. 241B7-29 often produces a 
relatively large number of poorly developed parthenocarpic seeds, 
none of them being viable. The senior writer, with L. L. Davis, ^ 
found 11 haploidliko plants among the varieties, segregating popula- 
tions, hybrid selections, and backcrosses growing on an area of less 



Figure 1. — First-division iiietapha.se chroino.somes ef a pollen mother cell of a 
haploid nmtant (Latex) of Oryza saliva. X 3,000. 

than 1 acre and comprising not less than 300,000 plants at the Biggs 
Rice Field Station in 1939. Two of these? were in the Caloro variety. 
Sintio 1934, haploid plants also have been observed from time to time 
at the rice experiment stations in the Southern States. 

The behavior of the chromosomes of haploid plants during meioses 
has been described and illustrated by Morinaga and Fukushima { 18 , 
f.9), Ramiah, Parthasarathi, and Ramanujam (^5, 4^), others. 

The studies reported here confirm the cytological findings of in- 
vestigators in Japan and India. It was determined that in the four 
haploid plants studied the niunber of bivalent chromosomes at first 
inetaphase never exceeded two (fig. 1); that the synapsis of the biva- 
lents was incomplete; and that split univalents occasionally occurred 
in first anaphases. 


’ Of the Division of Cereal Crops and Diseases. 
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STERILE DIPLOID PLANTS 

Single culms of 72 sterile and partly sterile Caloro plants were 
collected from })lots at the Biggs Rice Field Station on October 13, 
1938. These plants were fully headed but greener than normal 
mature plants in the same plots. Sterile and partly sterile rice 

plants usually produce addi- 
tional late tillers earljr in the 
fall, apparently utilizing food 
materials normally required 
for tlu^ developing grain. 
vSuch plants can be detected 
rc'adily in a mature field of 
rice. Some of the plants 
collected in 1938 had larger 
florets than Caloro; in others 
there was no appreciable 
diffenrnce from normal plants 
in floret or seed size but some 
difference in shape. Plants 
with larger florets than 
C^aloro were highly sterih‘. 
but produced some partheno- 
carpic seed. This sort of 
dev(doprn('nt was less com- 
F.jiUKK 2 -Pliotomicrograph showing Ihn 12 absent, in all 

bivalent cnromosomcs in pollen mother cells i. -i V •*! 

of Oryza saliva, variety Caloro, X 800. ^he partly sterih'. plants With 

normal floret size, which 
ranged in fertility from 0.91 to 79.25 percent. 

The culms colh^cted were sent to Washington, I). C., and wtvre trans- 
planted in pots in a greenhouse at the Arlington Experiment Farm, 
Arlington, Va. In the spring of 1939 panicles were colhH*t(;d for 
cytological studies. 

As was expected, most of the plants examined i)roved to bo diploid. 
Twenty-one of the plants 

showed a normal chroino- # 

some behavior (fig. 2) and — ® » 

the first-division anaphases 1^# 

gave excellent figures for ^ ® IL 

determining their chromo- 
some numbers (fig. 3). The 

reduction phases of these - 0 

plants did not differ from W ^ — 

those of normal diploid rice 

varieties described and ill us- 

trated by Kuwada (11), Na- 3.- A tirsWiviskm anapha.^^ from a 

k fl t om i U?) Ran (m) Ko to mother c^l of a diploid plant of Oryza 

Katomi Jtau Jvato variety Caloro. X 3,000. 

et al. (10)f and others. 

Certain abnormalities in the pollen mother cells and in the behavior 
of the chromosomes during meioses were observed in 14 diploid plants. 

In four of these plants there was a tendency for partial asynapsis 
of from two to many of the chromosomes, somewhat similar to the 
condition reported by Ramanujam and Parthasarathy (41). One 
plant showed very few bivalent chromosomes at first metaphase, a 
second frequently had as many as 12 univalents at metaphase (fig. 4), 
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and the remaining two plants generally showed a few unpaired 
chromosomes in the early phases of the first division. In two of 
these plants there were no normal anthers. Many of them had been 
transformed into normal-appearing pistils, and the few anthers present 
contained very little sporophytic tissue. 

Poorly developed spoinphytic. tissue was characteristic of all the 
14 plants that showed abnormal pollen motlu^r cells. Then*, were 



Figure 4. - A first-division nietaphase from a pollen mother cell of a sterile diploid 
plant of Oryza mtiva^ variety C'aloro. X 3,000. 

few pollc‘n mother cells, and consec|uently it was hard to find any 
cells undergoing division. The mother cells in thesis plants varied 
greatly in size and in their development failed to show the uniformity 
cliaracteristic of diploid plants. These (‘onditions limited tin* studies of 
chromosomes to the more normal cells. In all 14 plants, the more nor- 
mal c(*lls showed 24 chi omosomes on the fii st-di vision ana})hasespiiKll(*. 

Miyazawa (13) d(*scribed the genetic behavior and gave the chromo- 
some numb(‘rs for several types of sterile mutants of rice. Neither in 
his material nor in these 14 plants was tlu^re a change in the chromo- 
some numb(‘r that< might a(*count for the pollen stm-ility. It is pos- 
sible, howiwei-, that an explanation of tin* meiotic irr(‘gularities ob- 
served might be found by a more d(‘tailed morphological study of th(», 
individual chromosonu^s. 


ANEUPLOID PLANTwS 

Nakamori (23) first reported aneuploid rice plants, and Ichijim a (.9) 
reported two heteroploid plants, each with an extra chromosome from 

progeny of artificially treated 

material. Parthasaratliy (33) 
also reported on aneuploids, 
and Ramanujam (38) rc*cently 
rc^portcd on forms having 
2ri ~24, 25, 26, 27, 28,29, and 
30 chromosomes. One panicle 
was gathered from each of 
several highly sterile Caloro 
plants growing in plots at the 
Biggs Rice Field Station on 
October 9, 1937. The spike- 
lets of these plants*^ were dis- 
tinctly larger than those of 
normal Caloro . The florets of 
the panicles were sterile, ex- 
cept for an occasional seed and 
a few poorly developed parthenocarpic seeds that failed to germinate. 
A few plants, however, were obtained from these seeds, and the pollen 
mother cells of five of these plants were investigated in 1938. 



Figure 5. — A first -division inetaphase from 
a pollen mother cell of an aneuploid plant 
(2n+ 1) of Oryza saliva^ variety Caloro. X 
3,000. 
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Of the five plants studied, three had 2/^+2 and two had 2n+l 
chromosomes. The presence of one or more extra chromosomes was 
often indicated in the prophases of the first division when they showed 
more than the usual 12 chromosome group characteristics of the true 
diploid. At metaphase the presence of extra chromosomes in the 

aneuploid plants was 

^ apparent, since at this 

^ • stage bivalents are read- 

ily distinguished from 
univalents (fig. 5). It 
was the anaphase, how- 
ever, that proved to be 
most useful for making 
unquestionable counts 
(fig. 6). Three of these 
aneuploid plants had 20 
chromosomes on the 
anaphase spindle and 
two of tin'll! 25. 






I'lGOHE 0." A first-division anaphase from a pollen 
mother cell of an aneuploid plant (2n |-2) of 
Dry za sativaj variety Caloro. X 3,000. 


Lack of time and an insufficient number of pollen mother cells from 
these plants prevented as complete a study of the chromosomes of this 
group as they deserved. 

These aneuploid plants probably originated as crosses betwetm 
triploid mutants, or partially sterile diploids that produce some gametes 
with one or more extra diromosomes, and diploid plants growing in 
the same plots. Ramanujam (38) has riqiorted on trisomics in rice 
that originated in this manner. Triploid plants are apparently fairly 
common in the Caloro variety at Biggs, Calif., and it probably would 
not be very difficult to select fromp laiits obtained from seed of tri- 
ploids X diploids the 12 primary trisomic types. These could then be 
ustxl in linkage studies. 



Fiqurb 7 . — Diakinesis from a pollen mother cell of a triploid plant of Oryza sativaf 
variety Caloro. X 3,000. 
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TRIPLOID PLANTS 

Soon after the discovery of a haploid rice plant, Nakainori {2S) and 
Ramiah, Partliasarathi, and Rarnanujain t^6') reported on triploid 
plants. Later, Ichijima (.9) found 11 triploids among a group of 
artificially induced mutations; and Morinaga and Fukusliima {20) 
found triploid plants in considi^rable numbers in commercial fields. 

The cliromosoirK's of the somatic cells, as well as the meiotic phases 
of triploids, have been 
illustrated and described 
by Nakamori (23), Ichi- 
jima (9), Morinaga and 
Fukusliima (20), and 
R a m a n u j a- m (3 8) , 

Meioses have been so 
well described by Mor- 
inaga and Fukushinia 
(20) that th(‘re s(>eins 
to b('- little more to add 
from this study exct'pt 
to stress the difficulty 
of detecting in th('> (^ai-ly 
first-division phases the 
triploid nature of plants. 

Nine plants in the 
Caloro collection of 
1938 had the 2n chro- 
mosome number 3f). In pioiihases the finding of 12-(*hromos()nic 
groups that showed very little indication of their trivalent nature 
wuis tlio rule (fig. 7). 

The trivalent natui*e of th(» chromosomes became more apparent at 
metaphase. At this phas(‘ a trivalent often looked like a bivalent w ith 
a. univalent loosely atta.clu'd (fig. 8). In some cells at metaphase, 


•**3r*t • 



Figure 9. — A first-division anaphase from a pollen mother cell of a triploid plant 
of Oryza saliva, variety Caloro. X 3,000. 

univalents, bivalents, and trivalents were present and distinguishable 
from one another. However, it was the first-division anaphase that 
showed all 36 chromosomes distinctly separated on the spindle (fig. 9). 

Nine other plants in the same collection were highly sterile in 1938 
and had large florets similar to the plants that proved to be triploids, 
so they, too, apparently were triploids. Both a sterile Early Prolific 




Fkjuke 8, A first -division inetaphase from a pollfMi 
mother cell of a triploid jdant of Oryza saliva, 
\ ariety ('aloro. X 3,000. 
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plant and a sterile selection in the ninth generations of the cross 
Colusa X Blue Rose had larger florets than the parent varieties at 
Biggs, Calif., in 1938, and proved to be triploids. In the fall of 1939 
several highly sterile plants, similar to the triploids collected in 1938, 
were again observed in plots of Caloro at the Biggs Rice Field Station. 

TETRAPLOID PLANTS 

Nakarnori { 24 )^ Ichijima (^), and Morinaga and Fukushima { 21 ) 
described tetraploid plants of Oryza sativa and illustrated both the 
somatic chromosomes and the chromosomes at meioses. 



Figure 10. — Diakiriesis from a pollen mother cell of a tetraploid plant of Oryza 
aativay variety Caloro. X 3,000. 

One plant in the 1938 collection of Caloro proved to be a tetraplohi. 
The meiotic behavior in pollen mother cells from this plant was found 
to be very similar to that described by Morinaga and Fukushima {21), 
The prophase showed the chromosomes in groups or clumps that 
differed considerably in size (fig. 10). These groups gave little or no 
clue, other than their size, to the number of cliromosomes they con- 
tained. At metaphase, however, the figures had changed; bivalents 
were most frequent, but in most plates several tetravalent groups were 
present, looking very much like two bivalents lying side oy side 
(fig. 11). 
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Trivalcnts and univalents were exceptional in the early nieiotic 
phases of this tetraploid, and consequently at anaphase the 48 chromo- 
somes usually were equally 
divided and moved to the 
poles ill a regular manner 
(fig. 12). Abnormalities in 
the later phases of meioses 
were of infrequent occur- 
rence, and a le.gular pollen 
tetrad was characteristic. 

In 1939, another tetra- 
ploid Caloro plant collected 
at Biggs, Calif., had largc^r 
seeds and longer awns than 
normal Caloro. The single 
panicle on this plant, which 
was growing on infertile^ 
soil, produced only 35 seeds 
and 13 sterile florets; it was 
therefore 27.1 percent ster- 
ile. This plant was similar 
in all morphological char- 
acters to the tetraploid 
plant reported above, (;x- 
cept that the panicle ex- 
amined had a higher degree 
of fertility. This probably 
was due to tluj fact that a panicle, from a tiller was savcnl from the 
plant collect(?d in 1938, wIktcus the panichi of th(‘ main culm was 
collected in 1939. 



Fkjure II. - A first-division inetaphase from 
a pollen mother cell of a tetraploid plant of 
Oryza Hativay vari(‘ty Caloro. .\ 3,000. 


CELL SIZE IN HAPLOID, DIPLOID, TRIPLOID, AND TETRAPLOID 

CALORO PLANTS 


A study was made of the relative size of the pollen and the guard 
cells of the stomata in haploid, diploid, triploid, and tetraploid plants, 
^ _ all from the Caloro variety of 



V 

V* 

»•» 


Figure 12 .- A first-division anaphase from 


rice. 

Pollen of the four types 
showed a progressive increase 
in size from the haploid to the 
tetraploid, but since there is 
considerable variation in pollen 
size in the haploid, triploid, and 
tetraploid plants, it is believed 
that the guard cells are more 
useful for determining the com- 
parative cell sizes. The in- 
crease in cell size may be seen 
in figure 13, A, B, C, and Z>, 


a pollenmother cell of a tetraploid plant i f ^ i Ti 1 

of Oryza saliva, variety Caloro. X 3,000. which shows the guard cells and 

a few of the adjoining cells from 
haploid, diploid, triploid, and tetraploid plants, respectively, that 
differ in chromosome numbers by multiples of 12. 
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In the spring of 1939, diploid, triploid, and tetraploid Caloro plants 
were subdivided and transplanted, on the same date, in a cage at 
Arlington Experiment Farm, Arlington, Va. The plants were spaced 



/y 



l^icjuRB 13.^ — Photomicrographs showing the relative size of the guard cells from 
four plants of Oryza sativat variety Caloro: A, Haploid; diploid C, triploid; 
D, tetraploid. X 350. 


about 10 inches apart in rows spaced 1 foot apart and were growui on 
submerged land under field conditions. Some of tlie characteristics 
of these plants arci shown in table 1. 


Table 1 . — Characteristics of diploidy iriploidy and tetraploid Caloro plants grown 
at Arlington Experiment Farm^ Arlington^ Fo., 1930 


Type 

Plants 

L<‘af width 

A vc'rage 

Culms 

per 

plant 

having 

panicles 

Height 

Panicle 
length 1 

Flag 

First 

leaf 

below 

flag 


Number 

Mm. 

Mm. 

Number 

Cm. 

Cm. 

Diploid 

5 

13.4 

17.2 

16.8 

111.8 

22. 8 

Triploid 

5 

14.3 

17,5 

4.8 

no. 7 

23. 6 

Tetraploid 

8 

12.2 

15.9 

1.6 

96.2 

17.0 


1 Measured from tip to basai node of panicle. 


The meager data presented in table 1 show that the diploid plants 
were taller and produced many more productive tillers and longer 
panicles than the tetraploid plants. The triploid plants were nearly 
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as tall as the diploid ; they tillered less but produced somewhat longer 
panicles. The tetraploid plants had narrower flag leaves than the 


\ 



Figure 14. — Panicles of haploid (.d), diploid (B), triploid (C), and tetraploid 
(Z)) Caloro plants grown at the Arlington Experiment Farm, Arlington, Va. 

diploid or triploid plants. The tetraploid plants were distinctly 
coarser in all morphological characters and less vigorous and pro- 
ductive than the diploid plants. These polyploid forms appear to 
be of no practical value (figs. 14 and 15). 
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Figure 15. — PanicleH of haploid (A)^ diploid (B), triploid (C), and tetraploid 
{])) Caloro plants grown at the Biggs Rice Field Station, Biggs, Calif., in 1939 . 


CYTOLOGY OF WILD RICE BELONGING TO ORYZA AND OTHER 

GENERA 

Cytological studies on rice have not been entirely restricted to the 
cultivated species, (Oryza sativa), and a chronological summary of 
the reported results of chromosome studies in the genus Oryza and 
other genera that have a similar habitat should be of interest and are, 
therefore, shown in table 2. 



April 1, 1941 


Sterility and Aberrant Chromosome Numbers in Rice 393 


Table 2.- - Chronological list of papers published on cytological studies of wild rice 

(Oryza) and other genera 


Sp<‘(/ics 1 

Somatic | 
chromo- 

1 

somes 

A^umber 

Oryza cubensis Ekrnan 

24 

0. formosana Masamunf and Suzuki 

24 

0. latifolia Desv. (Cuba) 

48 

0. latifolia Desv. (Asia). 

24 

0. rninw/a Presl . .. 

48 

0. .vwWfl/a Nees _ 

21 

0. longistarninata A. Chev. and Roidir 

21 

Do 

48 

0. oj9lp/na/i.<( Wall 

21 

0. barthii A. Chov. . . , 

24 

0. meyeriana Bail! . 

24 

0. saliva var. spontanene . . . 

24 

0. glaberrima Stcml . .. 

24 

0. coarctatn Kosh . . 

48 

Zizania aqvafka L . 

3(1 

Z. latifolia Tiirch . 

:i4 

Do.. 

30 

Lcersia japonica H ack 

; «() 

L.jnponicaM okiuo 

i 90 i 

L. oryzoides Sw . 

48 1 

L. herandra 8w 

; 48 

Ifygrortjza aristata N(^cs 

• 24 i 

('hikuMchha affuatica Koi»lz 

21 : 

JJgfum spartvm I. . . 

10 ; 


Kpfprcjici! 


(Jotoh and Okiira (t) 

Do, 

Do. 

Kamiah (i?) 1934; Iloyn (4, 5 ) 193fi. 1938. 

Morinapa (I4) 1934; Ramiah (44) 19.39; Nandi ( 28 ) 
1939; Raman n jam 1938. 

Horovitz and Pogliapa (8) 1934. 

Ramiah ot al. ( 49 ) 193.*); Raman u jam (40) 1938. 
Ramiah c?t a!. (49) 193.'). 

Nandi (m 1939. 

Hoyn ( 4 , 5 ) 1930, 1938; Ramanujain (4O) 1938. 

Ht‘yn ( 4 , 6 ) 19:10, 1938. 

Do. 

Jiamanujam (4O) 1938. 

Parthasarathy (fi4) 1938. 

Nandi (f.*?) 19.30; Longl»'yi 1938; Ftamannjani (4d) 19:i8. 
Ilirayoshi ( 7 ) 1937. 

Ramannjam (//)) RKls. 

Ilirayoshi ( 7 ) 1937. 

Do. 

Ramaniijani (4(h 1938. 

Ilirayoshi (7) 19.37: Ramannjam (//>) 1938. 

Do. 

Ilirayoshi (7t 1937 
Ramamijam (iO) 19 : 18 . 


> Unpublished data. 

The only chroinosonK^ dotomiinatioiis itukIi' in this study, othor 
tlmn on forms of Oryza sativa, were from tlii' polli'ii mother ei'lls of 
0. latifolia Desv. from Chiba and of thi^ same spi^eies from the Botanical 
(Jardens of the Straits Settlements, British Malaya. The specimen 



Fkutre 10. — A first -(Jivision ariaplia.se from a pollen mother c(?ll of a diploid form 
of Oryza latifolia. X 3,000. 

studied of 0. latifolia from Cuba has the tetraploid chromosome 
number 48, as reported also by Gotoh and Okura (i). 0. latifolia 
from the Straits Settlements has the diploid chromosome number 24 
(fig. 16), as previously reported by Ramiah (44) and Heyn (4, 5). 

The chromosomes of the tetraploid plant of Oryza latijolin were all 
bivalents at the first-division prophases (fig. 17), and the later meiotic 



394 


Journal of Agricultural Research 


Vol. 62, No. 7 


phases showed a rc'gular distribution of 24 chromosomes to each of 
the four cells of the pollen tetrad. 

Plants of the- tetraploid form of Oryza latifolia (from Cuba) are 

much more vigorous and 






have larger culms, leaves, 
panicles, and somewhat 
larger seeds than the diploid 
form from Asia. 

INTERSPECIFIC HYBRIDS 
IN RICE 

In 1931, Ramiah {^2) re- 
ported attempts to cross 
Oryza sativa with the wild 
(diploid 24) species 0. longi- 
staminata A. Chev. and 
Roehr. and 0. latifolia (from 
Asia), but only partheno- 
carpic seed were obtained. 

. Later, however, Ramiah (4^) 

y reported that a successful 

cross had been made between 

Figuhr 17. Photomicrograph showing me ta- and 0, lafifolia 

phases in the pollen mother cells of a tetra- (fi‘^^m Asia). A chronological 

ploid form of Oryza latijolia. X 500. list of the interspecific crosses 

reported with Oryza is shown 
in table 3. Go toll and Okura (2) reported on crosses of 0. sativa X 0. 
eubensis Ekman, and 0. sativa X 0. latifolia (from Cuba). The 
senior writer also made the cross Colusa ( 0 , sativa) X 0. eubensis in 
1933; the Fi plants were sterile and more like eubensis than Colusa. 
This agrees with the observations of Gotoh and Okura (2), The Fi 
plants were backcrossed to Blue Rose (0, sativa) ^ and from this 
progeny and progeny from natural crosses with 0. satim some lines 
rather resistant to TIelminthosporiura oryzae Van Breda de Haan have 
been isolated. Interspecific crosses in rice appear to be easier to 
make when 0. sativa is used as the female parent. Morinaga and 
Aoki (15) have also shown that certain cultivated varieties cross 
more readily with wild rice than do others. 


Table 3. — Chronological list of reported interspecific crosses in Oryza 


rros>' 

! Somatic i 
1 chromo- i 
i soines i 

1 . ! 

0. saliva X latifolia fA.sia) , . 

0. saliva X latifolia (Culm) ....... 

1 Number 
\ 24X24 

1 24X48 

0. latifolia (( "uha) X salim. 

0. saliva X eubensis ....- . 

! 48X24 

i 24X24 

1 24X48 

0. sativa X minutn 

0, minuta X saliva - 

0. sativa X officinalis 

0. minuta X officinalis . .. . 

0. minuta X latifolia (Oubai . 

48X24 

24X24 

48X24 

48X48 


Reference 


Ramiah (4,V 1934, 

Uotoh ami Okura (;8) 1936; Hlrayoshi (6) 1937; Morin- 
aga and Aoki (IS) 1938. 

Morinaga and Aoki (15) 1938, 

Gotoh and Okura (;») 1936, 

Morinaga (U) 1934; Okura (3Z) 1937; Morinaga and 
Aoki (15) 1938. 

Nandi (31) 1938; Morinaga and Aoki (15) 1938. 

Nandi (31) 1938, Hamanujam (39) 1937. 

Nandi (31) 193Sr36. 

Morinaga and Aoki (15) 1938. 
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In the Annual Report of the Paddy Breeding Station, Coimba- 
tore, India, for the year 1928- 29, page 400, a statement indicates that 
a cross between Oryza sativa X 0. longistaminata was obtained, and the 
nature of the Fi is indicated. In a similar report for the year 1938 34, 
mention is made of F3 plants of such a cross. 

In all interspecific crosses reported to date with Oryza sativa, tlie 
Fi plants were either completely sterile or were very low in fertility. 
The Fi plants of the cross 0. latifolia X 0. minuta and reciprocal, 
both tetraploid species, according to Morinaga and Aoki (15), were 
also relatively low in fertility. Ramanujam {39) planted self-sterile 
Fi plants of the cross 0. sativa X 0. officinalis (diploids) close to 0. 
sativa plants, and the plants set 10 seeds, probably by cross-pollina- 
tion of the Fi with 0. satim. Six of the 10 see^cls germinated and 
produced sterile plants, all of which proved to be triploids with tin' 
2n chromosome number 36. This was assumed to be due to the 
fonnation of diploid gametes by double division of the univalent 
chromosomes in the Fj plants. 

DISCUSSION 

The fact that sterility often occurs in intervarietal crosses in cul- 
tivated rice, even though the parents have the same number of 
chromosomes, and in the Fj plants of all the interspecific crosses with 
Oryza thus far reported, indicates that the chromosomes of the culti- 
vated varieties have probably undergone changes due to gene muta- 
tions and genic rearrangement to such an extent that they often arc' 
inc^ompatible when crossed. A knowledge of some of the chromosomal 
aberrations, gene mutations, and apparent genic rearrangements, 
mentioned in this paper and in the literature cited, that have occurred 
in cultivated varieties in a redatively short period of time tends to 
confirm this point of view. It is possible that the cultivated ricc' 
varieties classed by Kato et al {10) as 0. sativa japonica and 0. rHotira 
indica represent varieties of the same origin tliat have been grown 
under different environmental conditions so long that, owing to an 
accumulation of gene mutations and genic rearrangements within the 
chromosomes, they now are largely incompatible when crossed. 

Haploid rice plants probably arise from the parthenogenetic develop- 
ment of an egg cell, as appears to be the case with most haploids in 
higher plants. Aneuploids have been shown to arise in rice by pollina- 
tion of self -sterile triploid by diploid plants {23), The aneuploids re- 
ported in this paper also are believed to have originated in this way, 
because the maternal plants were very similar to plants that later 
proved to be triploids. Triploids are believed to originate by the union 
of haploid and diploid gametes; by the fusion of a diploid egg and a 
haploid male gamete, as in a cross of tetraploid X diploia plants; 
or by fertilization of a haploid egg by two male nuclei (dispermy). 
Diploid gametes have been reported in Oryza sativushylSlsindi {29, 30), 
and by Ramanujam {39); and also in 0, officinalis by Nandi {31). 
Tetraploid plants may arise by the fusion of diploid gametes or by 
soinatic chromosome doubling, Ramanujam {39), in a cross of 0. 
sativa X officinalis, obtained a sterile Fi hybrid; from the Fi back- 
crossed to 0, sativa, six triploid plants were obtained. Cytological 
studies of the triploids indicated the presence of two sets of 0, sativa 
chromosomes ana one set of 0, officinalu, which according to Ramanu- 
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jam {89, p, 252) the first case in plants of experimental demonstra- 
tion of the origin of polyploidy through formation of diploid gametes 
by double division of the chromosomes. 

This chromosome study of the rice varieties grown in the United 
States has shown that there are present in them nearly all the aber- 
rant forms that have been desci‘ibcd in rice in India and Japan. How- 
ever, it offers neither confirmation nor denial of the view put forth by 
Kuwada {11) and Sakai {51) and supported by Nandi {28) that the 
basic chromosome number for rice is 5. Ramiah, Parthasarathi, and 
Rarnanujam {47) found some pollen mother cells in a haploid plant 
with six bivalent chromosomes at diakinesis, a discovery that does 
not exclude the possibility that 6 may be the basic number. The 
X-ray studies of Ramiah, Parthasarathi, and Rarnanujam {48) have 
shown that rings and chains of four chromosomes result from induced 
transmutations. If such groupings are readily produced by induced 
changes, why, as Morinaga and Fukushima {19) ask, do the chromo- 
somes of the haploids fail to show more bivalents and larger chromo- 
some groups in the meiotic divisions if the basic number for rice is 5? 

Tlu^ (*<arly prophast* threads of rice chromosomes do not secern very 
promising for a morphological study of the individual chromosomes. 
It is unfortunate, however, that lack of time and the difficulty of 
obtaining good material of steril(» diploids and of trisomics prevented 
a more careful search in these groups for such morphological features 
as might explain the aberrant behavior of the pollen mother cells in 
pollen-sterile plants. A careful examination of chromosomes might 
disclose characteristics that would be useful in determining which 
chromosomes were present in triplicate in th(^ trisomic plants. 

SUMMARY 

Haploids in rice found at several experiment stations, and haploid, 
sterile diploid, aneuploid, triploid, and tetraploid plants in the Caloro 
variety of rice that arose as mutations at the Biggs Rice Field Station, 
Biggs, Calif., are described briefly. The polyploid types appear to 
be of no practical value. 

Cytological studies of these mutants show the presence in the United 
States of nearly all the aberrant forms reported in rice in Japan aiul 
India. 

Comparative studies of the gametic tissue of normal and sterile dip- 
loid plants have shown that the sterile plants have an abnormal 
meiotic behavior despite their diploid chromosome number. 
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KNOB POSITIONS ON TEOSINTE CHROMOSOMES' 

By A. E. LfWGLKY 

Associate botanist, Division of Cereal Crops and Diseases, Bureau of Plant Industry, 
hnited States Department oj Agriculture 

INTRODUCTION 

Tlio nioioiic proplias(‘s of corn {Zea mays L.) and its near relatives 
aie unusually favorable^ foi* criti(*al studic^s of tlie morphological char- 
a,ct(‘i‘s of th(' chromosonn^s, siu<*e the chi*omosomes at the early thread 
stages of the pollen mother cells are sharply dilferentiated by iron- 
aceto-earmiiu' stain. It is on these paired threads, before contraction 
sets in to obscurer thes finer markings of the pachytene cliromosoim^s, 
that knobs are most prominent, and it is the presence of these and 
other distinctive chara(*ters visible on the earlypro phase chromosomes 
that has made this group of plants so useful foj* chromosome studies. 

Tlu; writer (7)“ has recently published on the relationship between 
knob position and knob frequency in corn chromosomes, showing 
that (*ach chromosome arm has a most favorable knob-forming posi- 
tion and that the frequency of occurrence of a knob dc'pends upon its 
proximity to this most favorable position. The available data sug- 
gested a similar relationship for the knobs on annual t(;osinte {Eu- 
chlaena rnexicana Schrad.) chroxnosonn*,s. Recently additional data on 
the morphological cJuiracters of teosinte chromosomes have been 
obtained and have been analyzed with respect to the frequency with 
which knobs are found at dilferent loci on the chromosomes. These 
data substantiate the earlier suggesti'd relationship between knob 
position and knob fiequency. 

Tht'se data also seem to show a division of all teosintes from Guate- 
jnala into two groups, a northern group centering around lluehue- 
tenango, and a southern group centering around Progreso and Jutiapa. 

Finally, these data indicate that the chromosomes of the northern 
group of teosinte are more like corn than those of the southern group. 

MATERIAL AND METHODS 

The material for this study of the morphological characters of the 
midprophase chromosomes of Guatemalan teosinte was taken from 
plants grown in the greenhouse at Washington, D. C., at Charleston, 
S. C., at Chapman Field and Canal Point, Fla., and at Torrey Pines, 
Calif. 

The seeds for these plantings came from Nojoya and San Antonio 
Huixta, in the Department of Huehuetenango, northern Guatemala; 
and from Moyuta, Progreso, Jutiapa, Retana, and Chilamates, in the 
Department of Jutiapa, soutliem Guatemala (4, map). The seeds from 
the Department of Huehuetenango will be referred to as the northern 
group, and the seeds from the Department of Jutiapa as the southern 
group. In the latter group is also included Florida teosinte, which 

1 Roceiveti for publication December 2, 1940. 

* Italic numbers in parentheses refer to Literature Cited, p. 413. 
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historical evidence indicates originated near Progreso, in southern 
Guatemala. 

The methods of preparing and studying pollen mother cells were 
the same as those outlined recently (7). 

CHROMOSOME LENGTH 

The length of any chromosome depends upon the stage at which it 
is measured. During the prophase of the first reduction division the 
chromosomes of teosinte change from the long tlireads of the early 
prophasc to the compact bodies found at diakinesis. This change 
frecjuently reduces the length of a chromosome from 80/2-100/i to 
8 m"“10/x. Care was taken to eliminate as much variation in chromo- 
some length as possible, but in spite of all precautions the measure- 
ments varied much. The means for each chromosome (table 1), 
although derived from many measurements, still show rather large 
errors. 

It is only after months of study that each of the 10 corn chromosomes 
can be identified in the early thread stage. This problem is even more 
diflicult with teosinte chromosomes, since knobs, the positions of which 
help materially in identifying corn chromosomes, are all terminal in 
teosinte. Identification, therefore, of the teosinte chromosomes de- 
pends upon their relative lengths, the relative length of the two arms 
of each, and upon other minor but stable characteristics that continued 
study has shown to distinguish certain chromosomes. 

The homology between teosinte and corn chromosomes has been 
observed in a previous study (5) of Fi teosinte-corn hybrids, in which 
it was found that the numbers assigned to corn chromosomes, based 
on total length, are with few exceptions (equally applicable to teosinte 
chromosomes. 

The extended threadlike chromosomes of both teosinte and corn 
are found to differ in length, in addition to the usual variation, because 
of the presence of knobs. The increase in length of a corn chromo- 
some due to the presence of a knob has been previously suggested 
(5), but it has been tested only recently by actual measurements. 
From this test it was found that each of the 15 chromosome arms 
known to bear knobs is appreciably shorter when knobs are absent 
than when knobs are present (table 1). The writer suspects that 
some of this increase in length of knob-bearing anns may be mechanical. 
The elastic of a slingshot stretches when a stone is in it and in somewhat 
the same manner the longer chromosome anns may be stretched by 
the presence of a knob. Such a mechanical increase in chormosome 
length may account for the fact that in Fi teosinte-corn hybrids (5) 
the terminal knobs of the teosinte homologue were frequently seen 
reaching beyond the end of the corn chromosome. 

At the time the measurements given in table 1 were made it was not 
considered that differences in chromosome length might be due at 
least in part to the presence or absence of a knob. Since the teosinte 
material collected had relatively few arms without knobs, an estimate 
of what the length of the anns would be without knobs was obtained 
by subtracting from the mean length the mean knob size for the par- 
ticular arm. 
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All recent studies of knobs have included, when possible, an indica- 
tion of the size of the individual knobs, according to 10 steps for classi- 
fication, beginning with the smallest, having a diameter of ().33/z, 
and ending with the largest, with a diameter of 3.3/*. From this 
classification the mean size of each knob and the mean size per plant 
of eacii knob were calculated and are given in table 2, columns 9 and 
10, and 11 and 12, respectively. The mean size per plant is the num- 
ber of microns that each knob increases the length of the arm on 
which it occurs. Thus, the length of each chromosome, excluding 
the knobs, was computed from the total length (table 1). Such a 
calculation disregards the mechanical elongation of a chromosome due 
to the presence of knobs, if such elongation has occurred. 


Table 2. — Mean size and frequency of chTomosome knobs in Guatemalan teosinte 


Chromosome 

Measurements for— 

Knob fre- 
quency in- 

Mean knob 
size for— 
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1 
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2.47 
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2. 05 

1.35 

1.90 
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Mean per plant 






- 




26.91 

21. 05 


1 Approximate diameter of knob. 


These efforts to find the length of each chromosome, exclusive of 
knobs, are not intended to suggest that knobless chromosomes repre- 
sent the characteristic chromosomes of teosinte or corn. They were 
made in order to arrive at a basic length that would prove most 
useful in comparing chromosomes from the two teosinte groups with 
each other and with corn. 

^ The mean chromosome lengths, both with and without knobs, are 
given in table 1 for all chromosomes of the two teosinte groups and 
of corn. These data show that the"chromosome with the greatest length 
difference is VI. It had been found in an earlier study (5) of Fi 
toesinte-com hybrids that chromosomes VI from teosinte and com 
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are equal in length or that chromosomes VI of teosinte may be even 
longer than chromosome VI of corn, but never shorter as the lengths 
in table 1 would indicate. Consequently, it would seem that the 
data presented in table 1 on chromosome lengths give no definite 
proof that there is a significant difference in the lengths of any of the 
10 homologues as they appear in either of these two teosinte groups 
and in corn. 

The relative length of the short arm of each chromosome to its whole 
length is given in table 1 under the heading '^Mean fiber-attachment 
position/^ When measurements that included tlie length of the 
knobs were used in determining these fractions for the two teosinte 
groups and for corn, it was found that in some cases the three homol- 
ogous chromosomes had (piite different positions for the fiber attach- 
ment. 

However, when these fractions were determined from measurements 
from which the length of the knobs had been deducted, the large 
differences in fiber-attachment positions for each homologue were 
reduced, and the whole array of fiber-attachment positions given in 
the last three columns of table 1 suggests, with the possible excep- 
tions of cliromosomes IX and VllI, no real differences between the 
chromosomes from either of the teosinte groups or from corn. 

If the mean lengths of each chromosome arm of the two teosinte 
groups are compared (table 3), it will be seen that the mean lengths 
from measurements w ithout knobs show" only those for the long arm 
of chromosome VIII to be appreciably different. When this compar- 
ison includes corn as well, there are found to be differences in the long 
arms of chromosomes VIII, VI, V, and II and the short arm of V. 


Table 3. Mean length of arms of midprophase chromosomes of teosinte and corn 
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A summary of the data on length suggests a ])ossible difference in 
lengths of chromosomes VIII, VI, V, and II between botli groups of 
Guatemalan teosinte and corn. However, when the teosinte and corn 
chromosomes were within the same cell of an Fi teosinte-corn hybrid, 
there was no difference in length between chromosome VI of corn and 
its homologue in teosinte. 
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CHROMOSOME KNOBS 

It was the determination of knob frequency and position that re- 
vealed morphological differences in the chi*omosomes of corn from 
different geographical regions. Measurements have failed to show 
real differences in length between homologous chromosomes of teosinte 
from northern and from southern Guatemala. Consequently, a study 
has been made of the number, frequency, size, and position of the 
knobs on the chromosomes of these two teosinte groups. 

All knobs on Guatemalan teosinte chromosomes are terminal. The 
few suggestions of internal knobs are never more prominent than large 
chromomeres and consequently are disregarded in this discussion. 

Since the short arm of chromosome VI has no true knob in either 
teosinte or corn, but only a dark-staining body that is always present 
and is associated with the nucleolus organizer, this arm has been 
omitted in much of this consideration of chromosome knobs. Thus 
there are left 19 arms for examination. In northern Guatemalan 
teosinte, 18 of these arms have been seen with a terminal knob, wliilti 
in teosinte from southern Guatemala only 13 have been found termi- 
nated bv a knob. 

The frequency of occurrence of each of the 13 knobs on the chromo- 
somes of the southern group was found to be relatively high, and only 
2 knobs have frequencies below 90 percent. In the northern group 
the frt^quency is more variable, although 13 of the 18 knobs have fre- 
quencies above 75 percent, the remaining 5 knobs occurring much less 
frequently. Table 2 shows the frequency of occurrence of each knob 
in each of the teosinte groups. 

A comparative study of the first few plants from the two teosinte 
groups suggested that the knobs on the chromosomes of the southern 
group were much more prominent than those on the chromosomes of 
the northern group. To verify this suggested difference in knob size, 
the measurements of table 2 were made. These measurements are 
somewhat indefinite, since knobs are not spherical, nor even constant, 
in shape; consequently it was the amount of knob material present 
and not in all easels the actual diameter or length of the longest axis 
that placed a knob in its size class. 

According to this classification, the mean knob size for the northern 
group is 1.35 /x, while that of the southern group is 2.05 /x in diameter. 
Table 2 gives the mean size for each of the 18 knobs of the northern 
group and the 13 knobs of the southern group. 

The data of table 2 revealed a relationship between Imob frequency 
and knob size that was unexpected though in keeping with the writer’s 
belief that the knob-forming positions that collect knob material most 
frequently will also collect a larger quantity of knob material. In the 
southern teosinte group, six of the eight knobs having a frequency of 
100 percent are above the mean size, and of the five remaining knobs 
having frequencies below 100 percent, only one has a knob size above 
the mean. In the northern teosinte group the condition is similar, 
since all of the six knobs with a frequency of 100 percent are above the 
mean knob size, five of the six knobs with frequencies between 85 
and 100 percent are above the mean knob size, and the six knobs with 
low frequencies are all below the mean size. 

Since there seems to be an unquestionable relationship between 
knob frequency and knob size, it was thought that the two might be 
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combined by summing the measurements for each knob and dividing 
the total by the number of plants, both with and without knobs. 
This gave the mean amount of knob material going to each knob- 
forming position, and from these values the mean amount of knob 
material present in each plant was calculated. Table 2 gives these 
means for each knob position of the northern and of the southern 
teosintes and the mean amount of knob material per plant for each 
group. 

From the data of table 2 it is apparent that in spite of the larger 
number of positions collecting knob material in teosinte from northern 
Guatemala, the group is characterized by a lower amount of knob 
material per plant and by a lower mean knob size than the teosinte 
from southern Guatemala. 

If the 20 arms of tlio 10 chromosomes of teosinte from southern 
Guatemala are examined for the supposed relationship between knob 
position and knob frequency, it will be noticed that the 2 longest arms 
and the 4 shortest arms have no knobs; also that there is a slight re- 
duction in knob frequency for the knobs terminating the third, 
fourth, and fifth longest arms. This suggests that the regions ter- 
minating the medium-length chromosome arms of teosinte from 
southern Guatemala arc more favorably located for forming knobs 
than the regions terminating long and short arms. 

Knob fre(|uency in this group of teosinte seems to be determined 
by the length of the chromosome arms. In the pollen mother cells 
of this group, as in corn, the shorter chromosome arms seem too short 
and the longer too long to bear terminal knobs. 

The relationship between knob ])ositidn and knob frequency in 
corn (7) was showui by a curve that cut each arm at the region con- 
sidered to be most favorable for knob formation. It seems unneces- 
sary to use such a complicated curve to mark the position most favor- 
able for knob formation in teosinte of southern Guatemala w4ien the 
data on knob frequency are only sufficient to indicate that the most 
favorable position is beyond the end of the shorter chromosomes and 
is internal for the longer chromosomes. 

The curve (straight line) that cuts each ami at its most favorable 
knob position and seems to answer the requirements of the data avail- 
able is one that cuts the terminal point of an arm 25 m long. The most 
favorable knob positions on arms longer and shorter than 25m were 
found by determining the difference betw^een 25m and the length of 
each arm. Then one-third of this difference was added to each arm 
if the arm was shorter or subtracted if the arm was longer than 25 m. 
By this empirical method the distance from the fiber attachment of 
the point most favorable for knob formation was found on each arm 
or anns produced. 

Such a curve gives an increasing ratio between the distance from 
the fiber attachment and the most favorable knob-forming position 
and between 25m and the distance from the most favorable knob 

f )osition to the end of the chromosome when the chromosomes are 
onger and shorter than 25 m. It also gives comparable ratios to 
chromosomes too short or too long to bear terminal knobs. 

Figure 1 shows the 20 chromosome arms of the southern teosinte 
group arranged in order of them length. On this figure are drawn 
two curves: (1) The dotted line at a position approximately that 
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used to mark the most favorable position for knob formation on the 
arms of corn chromosomes; and (2) the unbroken line, which is the 
curve thought to mark the most favorable knob position on each 
teosinte arm. A study of the points marked on each arm by these two 
curves will show that the one used in corn places the terminal region 
of most of the shorter arms and two of the longer arms of the southern 
teosinte group in a more favorable position for knob formation than 
the terminal region of the medium-length arms. On the other hand, 
the cui'vci considcued typical for teosinte (fig. 1) (‘lianges the relation- 
ship between the knobs and the most favoiable knob-forming points 
so that the terminal regions of the medium-huigth chromosome arms 



Figure 1. — Diagram of the 20 chromosome arms of southern Guatemalan varie- 
ties of teosinte, showing the curve that cuts each arm at the most favorable 
knoV)-fonning position and the curve (broken) that cuts each arm at the most 
favorable kno))-forming position for arms of corn chromosomes of these lengtlis. 

are more favorably located for knob formation than are the terminal 
regions on the long and short arms. 

Since the data discussed above indicate that the most favorable 
position for Imob formation is farther removed from the fiber attach- 
ment in teosinte than in corn, it is thought the gradient along the 
chromosome arms of the southern teosinte group is different from 
that controlling knob foimation on corn chromosomes. This change 
has resulted in reducing the possibility of finding knobs terminating 
the short aims of this group of teosintes and has put the terminal 
point of all medium-length arms in a much more favorable knob- 
forming position. 

Turning again to table 2 and comparing the mean knob sizes for 
the two groups of teosinte, especially the values given when size and 
freqiiency have been combined, it wUl be noticed that some of the 
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larger knobs found in northern teosinte chromosomes are on arms that 
were without knobs in the southern teosinte group, while in other 
instances some of the smaller knobs are on arms that were terminatc^d 
by large knobs in the southern group. 

Selecting from table 3 all chromosome arms of the nortluun group 
with lengths between approximately 25ju and 35iu, it will be found 
that five of these have mean knob sizes near or above the average mean 
size and that four are appreciably below. This^.difference in knob 
size on arms of nearly tlie same length seems to assume significance 
when it is realized that the former belong to the longer chromosomes 
while the latter bedong t-o the shorter chromosomes. This separation 
of the four shorter chromosomes from the longer chromosome's led 



FifJURE 2. — Diagram of the eight chromosome army of the four shortest chromo- 
somes of northern Guatemalan teosinte, showing the curve that cuts each arm 
at the most favorable knob-forming position and the curve (broken) that cuts 
each arm at the most favorable knob-forming position for arms of southern 
Guatemalan teosinte chromosomes of these lengths. 

to an inspection of the knobs on the short arms of these chromosomes. 
In the southern teosinte group these four arms were without knobs, 
but in the northern group, three of the four arms, instead of being 
without knobs, are terminated by large knobs. 

Table 3 shows that these four arms in the northerri group are not 
very dilforent in length from the corresponding arms in the southern 
group. It would seem then that a different factor controls knob 
formation on the four shorter chromosomes of the northern teosinte 
group from that which controls knob formation on the chromosomes 
of the southern group. 

By plotting the eight arms of the four shortest chromosomes of the 
northern Guatemalan teosinte (fig. 2) and superimposing the two curves 
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of figure 1, it is apparent that the terminal points of each arm, if con- 
trolled by the corn gradient, will not have the same ability to form 
knobs, and that it will be the shortest and the longest arms that will 
bo without knobs or will have only small knobs. If the southern 
teosinte gradient were controlling the knob formation, it would be the 
longer arms that would be terminated by the largest knobs. The 
data on size of knobs clearly point to the presence of a gradient similar 
to that found in com for the four shortest chromosomes of the northern 
teosinte group. 

By plotting the 12 arms of the 6 longest chromosomes of the 
northern Guatemalan group (fig. 3) and superimposing two curves of 
figure 1, it is apparent that a gradient such as exists in the southern 



FifuiRE 3. — Diagram of the 12 chromosome arms of the 6 longest chromosomes 
of northern Guatemalan teosinte, showing the curve that cuts each arm at the 
most favorable knob-forming position and the curve (broken) that cuts each arm 
at the most favorable knob-forming position for arms of corn chromosomes 
of these lengths. 


teosinte group puts the terminal point of all but the longer arms in a 
favorable knob-forming position, while a gradient such as exists in 
corn puts the terminal points of the medium-length arms in the most 
unfavorable knob-forming position. The size and frequencies of the 
knobs on the arms of the 6 longest chromosomes of the northern group 
clearly indicate that knob formation is controlled by a gradient similar 
to that characteristic of the southern teosinte group. 

If some of the northern teosinte chromosomes are controlled by 
one gradient and others by another, this would account for the fact 
that more knob-forming points are favorably located to collect knob 
material in this group than in the southern group. Therefore it is 
not alone the amount of the knob material available that determines 
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the number of knobs present but also the number of favorably located 
knob-forming points combined with the amount of knob material. 

It is this comparison of the number, size, and position of the knobs 
of the two tcosintes with each other and with corn that has led to the 
conclusion that the chromosomes of northern teosinte are more like 
the chromosomes of corn than are those of southern teosinte. 

DISCUSSION AND CONCLUSIONS 

The result of this comparison of the chromosomes of teosinte from 
southern Guatemala with those of northern Guatemala has led to 
the conclusion that the difference in length is so slight and the posi- 
tion of the fiber attachment is so nearly the same that there is no 
reason to believe that the homologues of the two groups are significantly 
different in these morphological characters. 

The position and number of knobs of the northern group have been 
shown to be sufficiently different, however, from those of the southern 
group to distinguish readily plants of either group by the appearance 
of their chromosomes. This difference is most noticeable in the 4 
shortest chromosomes and is thought to be due to a change in the 
factor or factors controlling chromosome gradient. Such a change is 
thought to give the 4 shorter chromosomes of the northern teosinte a 
gradient quite different from that of its 6 longest chromosomes and 
from that of all the chromosomes of the southern teosinte. The effect 
of the two gradients on the 10 chromosomes of the northern teosinte 
has been to put 18 knob-forming points into positions favorable for 
collecting knob material. Conseqtiently, porthern teosinte chromo- 
somes have more knobs than southern teosinte, in spite of the fact 
that there is less knob material available in the pollen mother cells 
of the former than there is in the latter group. 

Another possible difference in the homologous chromosomes of the 
two teosinte groups is in the linear arrangement of the genes. The 
writer has found in some recent unfinished studies that from one to 
four chromosome bridges are not unusual in pollen mother cells of the 
first division anaphases of Fi Florida teosinte-corn hybrids, while 
O’Mara {9) finds constant and regular pairing between chromosomes 
of com and those of teosinte from Nojoyd. 

As in the comparison of the chromosomes of the two teosinte 
groups, so in the comparison between teosinte and corn chromosomes 
it is the position of the knobs that causes the greatest visible differ- 
ence. The knobs on corn chromosomes are found much nearer the 
fiber attachment than the knobs on teosinte from southern Guatemala, 
and only in the four short chromosomes of teosinte from northern 
Guatemala does the position of the knobs suggest that their forma- 
tion is controlled by the same factor or factors as in corn. These 
four chromosomes are the only ones with a gradient comparable to 
that of com chromosomes. 

Thus it may be concluded from this comparative study of the num- 
ber and position of chromosome knobs that it is a difference in chromo- 
some gradient which has made some of the chromosomes of the 
northern teosinte group appear more like their homologues of corn 
than like their homologues in the southern group. 

The conclusions from this comparison of chromosome length of the 
two teosinte groups give no indication of a real difference in length of 
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the homologuos in teosinte. Even the difference between teosinte 
and corn, previously suggested by the writer (5), may be due entirely 
to a physical lengthening of a chromosome by the presence of a large 
knob at a considerable distance from the fiber attachment. 

It is thought, therefore, that, excluding the few inversions ob- 
served in crosses between teosinte from southern Guatemala and 
com, a change of oven a single-gradient controlling factor might suf- 
fice to change all the chromosomes of a teosinte from the southern 
group to approximately those of the northern group or even to those 
of corn or vice versa. 

The similarity and difference between the chromosomes of teosinte 
and corn have been the subject of intensive study by several investi- 
gators (f , 3). Such studies have been carried out from the point 
of view of the geneticist, the cytologist, and the cytogeneticist. 

The outcome of these studies has been well summarized in the mind 
of the writer by the following statement of Arnason (1): ^'Thc results 
suggest that gene changes rather than changes in the gross structures 
of the chromosomes may have been chiefly responsible for the differ- 
ence of maize and annual teosinte.’^ 

If this comparison between teosinte cliromosomes from different 
geographical regions and between the chromosomes of teosinte and 
corn be extended to include the annual toosintes of Mexico, it will be 
found that the chi’omosomes of the Mexican teosintes are more corn- 
like than the chromosomes of teosintes from Guatemala Some of 
the investigators of the chromosomes of Mexican teosintes have failed, 
however, to recognize that according to competent judges thes(^ 
teosintes are admixtures of teosinte and corn. The writer also w^ould 
like to consider that Mexican teosintes have not been contaminated 
with corn and thus have available for comparison a graded series from 
the least cornlike types of southern Guatemala to the most cornlike 
types from Mexico. Unquestionably, such a series of teosintes no 
longer exists in isolated regions that have kept tJie teosintes free from 
corn contamination, but it does not seem unreasonable to the writer 
that, with a common ancestral type in which a few major mutations 
have occurred, such a graded series in teosinte might have existed 
at some earlier period. 

EuchlaenaperennisHitchc.j a perennial teosinte that has been almost 
overlooked in a recent publication (<5) onthe origin of corn and its rela- 
tives, seems to deserve serious consideration in any discussion of the 
relationship between teosinte and corn. Unfortunately^, this species is 
known only in its tetraploid form. Even in this form it seems to show 
that true teosintes may bo no further removed from corn than they are 
from each other. A comparison of the prophases of the Fi of E. peren- 
nis X corn with those of the Fi oiE, perennis X southern Guatemalan 
teosinte shows that there is a partial synapsis between the teosinte 
and corn chromosomes in the former hybrid, while in the latter there 
is little or no synapsis between the chromosomes of the two teosintes. 

The position and number of chromosome knobs have proved useful 
in distinguishing the two groups of teosintes from Guatemala. The 
almost complete absence of knobs on pe^rennial teosinte (S) clearly 
places this teosinte in a class by itself. 

The amount of knob material in the pollen mother cells in the teo- 
sintes from three isolated localities shows that knob material is most 
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abundant from teosintes of the southern region and is reduced to prac- 
tically zero in perennial teosinte from central Mexico. A change in 
geographical location of a few hundred miles has affected the knol) 
material in teosintes in much the same manner as a change from 
Mexico and Central America to localities both north (fj) and south 
has reduccul the amount of knob material in the pollen motlujr cells 
of corn . 

SUMMARY 

111 gross morphological cliaracters, such as chromosome length and 
position of fiber attachments, the chromosomes of teosinte are very 
similar to each other and to their homolognes in corn. 

The position and number of the (diromosomi^ knobs of teosinte have 
characteristic differences that make teosintes from different localities 
reason ably d istinguish able . 

These distinguishing features are of the type that indicates that 
teosintes differ in their relationship to each other and to corn, the 
teosintes of northern Guatemala being slightly more eornlike than 
those from southern Guatemala, while perennial teosinte from Mexico 
is thought to have chromosomes even more similar to those of corn. 

Considering only the morphological charaiffers of the chromosonK^s 
of teosinte and corn, it seems possible that a few gene mutations in th(^ 
original type of teosinte may have given lise to a form that could 
have become the progenitor of corn. 
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STUDIES ON THE PREPARATION OF MUSHROOM 

COMPOST ' 

By Edmund B. Lambert 

Palhologisly Division of Mycology and Disease Survey^ Bureau of Plant Industry^ 
United States Department of Agriculture 

INTRODUCTION 

In a previous paper ^ it was pointed out that there is a well-defined 
tendency for mushrooin compost heaps to become stratified so that 
manure in various parts of a heap is composting under different 
conditions of temperature, moisture, and aeration. Undoubtedly 
these differences lead to diversities m the rate of decomposition, 
type of microbial flora, and chemical changes in separate areas of the 
heap.^ ^ ^ ® This more or less unavoidable heterogeneity in compost- 
ing conditions causes a variability in the finished compost that makers 
experimental yield tests with mushrooms difficult and is an important 
source of variability in commercial yields. 

The stratification of mushroom compost heaps into patterns with 
regard to physical conditions is dependent largely on the size, shape, 
and compactness of the heap. These patterns also change somewhat 
with the progress of the fermentation. The same principles, however, 
are basic to all heaps and may perhaps be best illustrated by a detailed 
description of the physical conditions in an averages compost heap. 

The pattern most commonly encountered is illustrated in figure 1. 
ITsiially four arenas can be distinguished, having fairly distinct sets of 
physical conditions. The first (area A) is an outside layer from 2 to 
6 inches thick, which varies in temperature from that of the surround- 
ing air to 1 10° F. Compost in this area has a tendency to become dry 
on the sides of the heap, owfing to excessive aeration; and in cool or 
w'et W'cather it beconu^s w^et on the top, owing to condensation or 
precipitation. The second layer (area B) lies just inside the first. 
It is well aerated, is moderately moist, and varies in temperature 
from 110° to 140°. The third (area C) extends around the inside of 
the heap like a huge doughnut from 2 to 4 feet from the sides and 
1 to 3 feet from the top of the heap. This area contains the warmest 
compost in the heap, ranging from 150° to 180°. It is probable that 
the high temperatures are attained in this area because the compost 
in it is w’^ell insulated and receives sufficient air for oxidation without 
an excess to cause loss of heat by convection. The fourth distinct 
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region (area D) occupies the entire lower central part of the heap. 
The oxygen in this area is used up within 7 or 8 hours after the heap 
is ^Humed,’^ so that the material is usually decomposixig under anaero- 
bic conditions. 

To obtain a comparatively uniform compost, mushroom growers 
mix the manure from different parts of the heap at weekly intervals. 

In spite of this mixing, however, there are noticeable dissimilarities 
in the appearance of the compost in the different areas, as indicated 
in figure 1, which peisist during most of iho. composting process. 
For example, during the fii'st and second turnings the manure in the 
anaerobic region (area D) is noticeably less decomposed than the 



Figure 1. — Diagrammatic section through a mushroom compost heap, showing 
the usual gross differences in temperature and aeration in four areas: Ay Aerobic, 
110° F. or less; B, aerobic, 110° to 140°; C, aerobic, 150° to 180°; /), anaerobic, 
100° to 130°. 

remainder of the heap. Moreover, it has an unpleasant putrid odor 
and an acid reaction, whereas the remainder of the heap is usually 
alkaline. The compost in the high-temperature region (area (J) 
soon attains a characteristic glossy brown color and has a caramel odor 
quite distinct from that of the manure in the remainder of the heap. 
In area B there is more evidence of fungus and actinomycete growth 
than in either area C or D. In the portions of area B with a tempera- 
ture range between 130° and 140° F. the manure becomes speckled 
with a white spore dust from the extensive development of thermo- 
pliilic actinomycetes. This actinomycete flora also appears in the 
beds during ‘^sweating out,'' when similar conditions of aeration and 
temperature are encountered. 

These characteristic differences in the appearance of the compost 
in various parts of mushroom compost heaps suggest differences in 
suitability for the growth of mushroom mycelium. The studies out- 
lined in this paper were conducted primarily to learn whether there 
are demonstrable differences in this respect, (1) when conditions in 
the different areas are considered separately, and (2) when these 
conditions are considered in different combinations and sequences. 
Experiments are also described that were made to determine the 
effect of different controlled composting conditions on the rate of 
decomposition of the manure, and on the rate at which fresh manure 
is converted to compost suitable for the growth of mushroom mycelium. 
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EFFECT OF CONDITIONS IN DIFFERENT AREAS IN THE COM- 
POST HEAP ON SUITABILITY OF COMPOST FOR MUSHROOM 
MYCELIUM 

The most direct method of studying the effect of conditions in 
different areas of the compost lump appeared to be the sampling of 
the various areas during successive stages of th(^ composting process 
and the inoculation of the samples with mushroom s])awn. 

For purposes of (comparison, triplicate samples of maiuir(> were 
taken separately from areas If C, and D of a 2()-ton compost heap 
at the time of mixing or ‘burning.’' Siiuce the compost heap was 



Fiouke 2.” Samples of manure incubated for 16 days under controlled condi- 
tions: A, 130° F., partly aerated; 170°, aerated; C, 130°, aerated. During 
incubation the jars were laid in a horizontal position to provide drainage, and 
tlie cotton plugs were removed for better aeration. 

turned at weekly intervals, the manure had been subjected to com- 
posting conditions (characteristic of the area sampled for at least 1 
week before sampling. After the first week the manure in each area 
had been mixed with manure from other areas by one less turning 
than the number of weeks indicated in table 1. T^hese samples were 
adjusrtied to about 160-i)ercent moisture on a dry-weight basis, placed 
in quart jars, as shown in figure 2, and incubated in a horizontal posi- 
tion at 130® F. for 6 hours to kill insects. They were then cooled to 
70® and inoculated with mushroom spawn. 

A comparison of the growth of mushrooin mycelium and of weed 
molds in these inoculated samples is shown in table 1. The samples 
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from area B (fig. 1) were well suited for the growth of mushroom 
spawn. The samples from areas C and Z>, however, were frequently 
overgrown with weed molds such’ as Chaetomiumy CoprinuSy Tricho- 
dermay Aloniliay and Oedocephalum. As a result, the growth of the 
mushroom mycelium was retarded or checked entirely. This type of 
experiment was repeated several times with essentially the same 
results. 

Table 1. — Comparative growth cf mushroom spawn and weed molds in samples 
taken from different parts of a standard mushroom compost heap during successive 
turningSy when subjected to a 6-hour period of **sweating out” at 130° F,, aerated^ 
and subsequently spawned and incubated at 70° 
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ALTERNATING COMPOSTING CONDITIONS 

The fact that samples taken from area B were favorable for iiinsh- 
room mycelium during the second and subsecjuent tunnngs, in spite 
of a probable admixture of compost formerly in areas C and Z>, sug- 
gested that conditions in area B tend to correct the harmful eflects 
of anaerobic composting or of composting at temperatures over 150° 
F. To test this hypothesis, a series of samples was select ted and pre- 
pared in the same manner as previously described except that before 
spawning the samples were composted in an incubator at 130° for 8 
days instead of 6 hours. 

In this experiment, as shown in table 2, nearly all the samples were 
well suited for the subsequent growth of mushroom mycelium and, 
with the exception of Chaetomium in a few samples, the weed molds 
were eliminated. 

It was apparent that aerobic fermentation at 130° F. not only 
was favorable for subsequent growth of mushroom mycelium but 
had a beneficial effect on the compost that previously had been made 
unfavorable by anaerobic fermentation or by overheating. Other 
experiments were made in which it was repeatedly shown that, con- 
versely, compost favorable for mushroom mycelium becomes unfavor- 
able when incubated in glass jars for 1 or 2 days at an excessively 
high temperatme or when incubated under anaerobic conditions even 
at a favorable temperature (130°). The injurious effects of over- 
heating seemed to begin at about 150°. Compost so treated could 
again be made suitable by subjecting it to aerated fermentation for 
several days at 130°. 
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Table 2. — Comparative growth of mushroom spawn and weed molds in samples 
taken from different parts of a standard mushroom compost heap during successive 
turnings^ when subjected to 8 days of "sweating out” at 1 80^ aerated^ and suh^ 
sequently spatvned and incubated at 70° 
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As a whole, tliese expcriirients indicate that if manure is first sub- 
jected to one set of composting conditions and then changed over to 
anotlier it soon begins to assume characteristics typical of compost 
held in the new envirournent. This is probably explainable on the 
basis of the new environment's favoring a new fermentation flora, 
which in turn alters the composition of the comiiost so as to pave the 
way either for the mushroom mycelium or for weed molds as the (*ase 
may be. The favorable flora in the case of the compost fermented 
under aerobic (conditions at 130° F. appeared to be composed largely 
of thermophilic actinomycetes. 

RATE OF DECOMPOSITION 

Another point of interest redating to the dilfenmt “areas^' in a com- 
post heap IS the eflect of aeration and temperature on the rate of 
decomposition of the manure. Numerous investigatiems have shown 
that organic matter decomposes more slowly under ana(>robic than 
under aerobic conditions.^ Recently Waksman, Cordon, and Hulpoi 
have shown that stable manure compost incubated at 167° F. also 
decomposes much more slowly than at lower temperatures (84°, 122°, 
and 150°). 

In order to obtain further information on this question, a series of 
100 samples of fresh stable manure was incubated in glass jars (fig, 2) 
und(^.r different controlled conditions of temperature and aeration. At 
intervals of 5 days 2 jars were remov(?d from each group of samples 
f()r dry-weight determination. The results of aerobic composting are 
given in figure 3. At temperatures ranging from 110° to 150° F. 
nearly half of the dry weight was lost during the first 20 days. At 
170° there was very little loss. Conditions typical of area D (fig. 1) 
in compost heaps were simulated in a series of samples of manure 
composted in sealed jars which were incubated at 130°. This series 
lost less than 10 percent of its dry weight over a 30-day period. 


^ See footnote 3. 
•See footnote 4. 
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The results of these experiments are in complete accord with earlier 
work in showing that both anaerobic conditions and temperatures 
approaching 170° F. are unfavorable for rapid decomposition of stable 
manure. 

PREPARATION OF MUSHROOM COMPOST UNDER CONTROLLED 
FERMENTATION CONDITIONS 

In the foregoing experiments, at the end of 2 weeks the manure 
held at 110° and 130° F. under aerated conditions appeared to be 
nearly as well decomposed as compost in the average mushroom bed. 
This suggested that fresh manure could be converted into compost 
suitable for mushroom mycelium in a comparatively sliort time under 



Figure 3.“ Relation of temperature to rate of decomposition of stable manure 
under moist aerobic conditions. 

favorable conditions. The excellent run of spawn that developed in 
some of the samples taken from area B after 1 week of outdoor com- 
posting, as shown in table 1, was further evidence pointing in this 
direction. Following up these leads, experiments were planned to 
learn something of the rate at which fresh horse manure could be con- 
verted to suitable mushroom compost under different controlled com- 
posting conditions. 

In one series a comparison was made between manure alone, a 
mixture of manure and one-third soil by weight, and a mixture of 
manure and 2 percent of superphosphate. In all cases the supple- 
mentary material was thoroughly mixed with the manure, which was 
chopped into pieces less than 1 inch long and moistened to contain 
about 200 percent of water on a dry-weight basis. The type of jar 
used has already been illustrated (fig. 2). Moisture was maintained 
by inspection and rewatering every 3 days. Temperature was con- 
trolled within a 3-degree limit of variation at 110°, 120°, and 130° F. 
After fermentation periods of 9 days and 11 days, the bottles were 
removed from the incubator, cooled to room temperature, and spawned 
with mushroom mycelium. 
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A satisfactory growth of spawn was obtained in compost prepared 
at all three temperatures for both 9 days and 11 days. Spawn growth 
was dense and complete in the bottles containing the supplementary 
materials, but the manure alone became too wet and failed to support 
a good growth of spawn. 

Another series of bottles containing a mixture of two-thirds manure, 
one-third soil, and 2 percent superphosphate was composted at 130° 
F. for 4 days, 6 days, 8 days, and 10 days before spawning. Mush- 
room mycelium developed satisfactorily in the manure composted 8 
days and 10 days, but the samples composted for only 4 days and 6 
days were soon overgrown with weed molds. 

It was apparent from these experiments that under favorable fer- 
mentation conditions fresh maniu*e can be converted into compost suit- 
able for mushroom mycelium in about one-third the time required in 
the conventional outdoor compost heap. Subsequent experiments, 
not yet reported in detail, showed that compost prepared in this man- 
ner also is capable of producing a normal yield of mushrooms. 

DISCUSSION AND CONCLUSIONS 

It is apparent from the foregoing experiments that the usual 
method of composting manure for mushroom culture in outdoor heaps 
is not an efBcient procedure. Only a limited portion of the heap, 
area B and parts of area A (lig. 1), is suitable for rapid decomposition 
and conversion of fresh manure to a satisfactory mushroom compost. 
On the other hand, a considerable portion, of the conventional heap, 
areas C and D, is known to be decomposing at a comparatively slow 
rate and frequently to be in a condition favorable for subsequent 
growth of *Veed molds'^ and unfavoj-able for mushroom mycelium. 
This is especially true during the first 2 weeks of composting, when all 
of the compost in the anaerobic and high-temperature areas is more or 
less unfavo]*able for mushroom mycelium. 

As the composting proceeds the unfavorable conditions are less in 
evidence; area C becomes less extensive, owing to the disappearance 
of easily oxidized carbonaceous material, and the compost in area D 
becomes less acid with each turning. During outdoor composting a 
large part of the beneficial effect of continued composting probably 
comes from subjecting more and more of the compost to fermentation 
conditions in area £ as a result of forking over and mixing the manure. 
In most cases the final conversion of unfavorable compost to a condi- 
tion favorable to mushroom mycelium undoubtedly takes place during 
the ‘‘sweating out^’ process in the mushroom bed. 

The sweating-out period is the only part of the composting process 
during which nearly all of the manure is fermenting under favorable 
conditions. Since at this time the compost is undergoing aerobic 
fermentation with a moisture content of 150 to 200 percent on a dry- 
weight basis and within a temperature range between 120° and 140° 
F., one can hardly escape the conclusion that the sweating-out process 
should be considered as an integral part of the composting procedure 
and not merely as a means of assisting in the eradication of insects 
and disease fungi. Outdoor composting might well be considered 
merely as a means of mixing and moistening the manure while carrying 
it through the initial explosive fermentation preparatory to a final 
favorable fermentation during sweating out. 
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Interesting practical considerations are suggested by this view- 
point and by the fact that suitable mushroom compost can be prepared 
from fresh manure in less than 2 weeks under conditions usually 
prevailing during sweating out. Small-scale experiments suggest 
that the outdoor composting period may bo materially shortened or 
eliminated altogether provided sweating out is prolonged at the rate 
of 1 additional day of sweating out for every 3 days omitted from the 
usual outdoor composting. The extent to which it would be feasible 
oi- desirable to thus modify composting procedure in commercial 
practice will depend on the feasibility of controlling moisture and 
temperature during prolonged sweating out and on the prospects for 
saving labor or manure without reducing the yield of mushrooms. 

SUMMARY 

Consideration is given to the effect of physical factors, principally 
temperature and aeration, during composting on the subsequent 
growth of mushroom mycelium in the compost. 

The suitability of compost for the growth of mushroom mycelium 
was determined by inoculation of selected samples with mushroom 
spawn and incubation at 70° F. in competition with the weed molds 
present in the compost. 

Under aerobic conditions fermentation at temperatun^s between 
120° and 140° F. for 8 to 10 days produced suitable compost. Tem- 
peratures over 150° for a few hours rendered the compost unsuitable. 
Anaerobic fermentation also produced unsuitable compost, (iven at 
favorable temperatures. 

When manure was composted under diffevrent (‘.ombinations and 
sequences of thesis conditions it tended to assume (‘haracteristics 
typical of tlie last (*nvironrnent to which it was subjected. Thus, 
ac^robic fermentation at moderately high temperatures would again 
render compost suitable even though it had previously been made 
unsuitable by excessively high temperature fermentation or by anaero- 
bic conditions. 

In commercial mushroom growing, sweating out must be considered 
an integral part of the composting process. Close control of com- 
posting conditions is more important dining sweating out than during 
outdoor composting, since conditions prevailing during sweating out 
constitute the last composting environment to which the manure is 
subjected before spawning. 



USE OF LEMNA FOR NUTRITION STUDIES ON GREEN 

PLANTS^ 

By Robert A. Steinberg 

Associate physiologist, Division of Tobacco Investigations, Bureau of Plant Industry. 

United States Department of Agriculture 

INTRODUCTION 

The use of Lemna minor L. in a micromethod for study of the 
nutritional requirements of green plants has several obvious advan- 
tages. Equipment may be on a vwy small scale and selected for 
precision control of (*nvironmental factors at a small fraction of the 
initial cost and maintenance exjjense re(|uircd for plants of ordinary 
size. Duration of (experiments may be decreased to 14 days. Growth 
under aseptic conditions is entirely practicable and easily obtained, 
thus eliminating all possibility of erroneous results duo to the presemui 
of (>xtran(H)us organisms, l^recision control of environment should 
[lermit exact quantitative work capable of duplication elsewhere and 
in the future. R(‘sults obtained through the use of a micromethod 
may be directly checked with diff(U‘(3nt crop plants, with conseipient 
savings in the time and cost associated with large-scale (exploratory 
work ordinarily necessary. 

Trace-(4ement studios with a green plant ])ossess an obvious ad- 
vantage over those with fungi. The former utilize carbon as carbon 
dioxide, which may (‘asily be supplied fiv.e of tracc^-cdcmient impurities. 
The lattc'i- require a sujiply of sugar. Since a culture of Aspergillus 
niger Van Tiegh. (‘ontains 2.5 gm. of sucrose and 0.125 gm. of in- 
organic salts, it is evident that tjimination of impurities in the carbon 
source is a very important consideration. The purest sugar obtain- 
able contained 0.00087 i)(>rcent of ash, or the equivalcTit of 435 parts 
pcii* billion of impurities in the mitriiuit solution. This (juantity 
compares with the 790 parts per billion whose addition is required 
for maximum growth of Aspergillus. 

Lemna has beim grown on synthetic nutrient solutions by many in- 
vestigators (f, sy and its mineral rcciuiremeuts shown to be quite 
similar to those of other green plants. The ('lements known to be 
required for its nutrition include carbon, hydrogen, oxygen, nitrogen, 
phosphorus, potassium, magnesium, sulfur, calcium, iron, and man- 
ganese (S). No positive evidence has been obtained, however, 
respecting its need for zinc, copper (4), molybdenum (7), gallium (7), 
and boron. 

Aside from establishing conditions permitting maximum growth, 
and determining the accuracy in duplication of data, the ascertain- 
ment of the tracc-(3lement requirements of Lemna seemcHl most im- 
portant. The higher plants require iron, zinc, copper, manganese, 
molybdenum, and boron, whereas Lenina^ as mentioned, is only 
known to require iron and manganese. It was necessary, therefore, 
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to adapt the method of nutrient-sohition purification with calcium 
carbonate, employed with fungi {6, 6) for the removal of trace- 
element impurities, to work with Lenina. Arnon and Stout (/, 8) 
applied this technique to the purification of the individual salts of the 
nutrient solution in establishing the necessity for molybdenum by the 
tomato plant. Purification of the nutrient solution as a whole, in 
the manner employed with fungi, has certain advantages, particularly 
with a plant like Lemna, and was therefore used in this investigation. 
It was also belitwed that the use of nutrient-solution purification 
with Lernna would permit a closer comparison of the trace-element 
requirements of tliese tw^o types of plants. 

MATERIAL AND METHODS 

An aseptic culture of Lemna minor obtained from Dr. A. Saeger, 
Junior College of Kansas City, Kansas City, Mo., was employed in 
these studies. The plants were grown on 50-cc. portions of nutrient 
solution in 200-cc. pyrex Erlenmeyer flasks provided with loose cotton 
plugs to maintain aseptic conditions. Reagent chemicals and water 
redistilled in a quartz still were used in the preparation of the nutrient 
solution. The flasks were sterilized after filling at 15 pounds pres- 
sure for 20 minutes. Transplantation of plantlets from the stock 
culture to the experimental flasks was with a platinum loop, employ- 
ing the standard bacteriological technique to prevent contamination. 
For this purpose plantlets of minimum size having short roots were 
selected whenever possible. When harvested they were filtered ofl’ 
by means of a fritted -glass crucible (1 G 3), dried for 3 to 4 hours at 
100 to 105° C., and weighed with the analytical balance when cool. 

The plants were grown under different conditions. Initially an 
installation providing continuous light of 500 foot-candles with tung- 
sten lamps (400 watts total) and a tempeiature of 25db 1° C. was used. 
The growth period was 2 weeks. In this equipment the light was 
filtered through a 1-iiich layer of water to minimize heating, and tin? 
cabinet was ventilated by means of a stream of chilled compressed air. 
When it was too hot to employ this installation, the flasks were placed 
in a large north window for 30 days. The illumination varied between 
100 to 200 foot-candles. Later an electric refrigerator (9.2 cubic feet) 
having a special thermostat was provided with 500 foot-candles of 
white fluorescent light (100 watts total). Temperature in this cabi- 
net averaged 25 ±0.5° C. Growth appeared normal under these con- 
ditions (continuous light) for the 2-week duration of an experiment. 
No ventilation was provided other than that brought about by opening 
the door of the refrigerator to examine the plants. 

Where nutrient-solution purification was employed, calcium car- 
bonate was added to a solution containing an excess of constituents. 
After steaming for 20 minutes at 100° C., the flask was set aside for 2 
days. The solution was vigorously mixed by quick rotations of the 
flask at irregular intervals during this time. It was then filtered 
through a fritted-glass crucible (1 G 4) and made up to proper acidity 
with dilute (1.38 N) hydrochloric acid. The acid was redistilled for 
this purpose by placing two open pyrex bottles, one filled with con- 
centrated acid, the other with water, in a sealed desiccator. 

The purpose of these procedures was to permit the precipitate of 
dicalcium phosphate formed under these conditions to reach equilib- 
rium, particularly as respects atmospheric carbon dioxide. When 
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employed with fungi, sufficient residual phosphate remains in solu- 
tion because of the presence of fairly high concentrations of nitrogen 
salts and sugar. In the absence of sugar and high salt content, 
practically no phosphate may be left in the nutrient solution. When 
in equilibrium with atmospheric carbon dioxide, sufficient phosphate 
remains in solution to provide for the growth of 100 mg. of dry weight 
per 50 cc. with Lemna. In the case of larger plants rc^quiriiig still 
higher quantities of phosphate, sufficient should be brought into solu- 
tion by bubbling through gaseous carbon dioxide before filtering. 
Sufficient calcium remains in solution after purification, so tliat none 
need be added subsequently to filtration. 

TRACE-ELEMENT DEFICIENCIES WITH REAGENT CHEMICALS 

The experimental data of table 1 were obtained with several con- 
siderations in mind. Of these the foremost was to ascertain the 
precision with which results could be duplicated. Comparison of dupli- 
cate experiments 1 and 2 indicate that variations of ±10 percent from 
average may occur in percentage yields in simultaneous experiments. 
The data of duplicate experiments and 4 show a somewhat lesser 
variation. In tlie first pair of duplicate experiments, only the results 
on molybdenum d(‘ficiency differ by not more than ±2.5 percent. In 
the second pair, with about doubh* the salt content, agreiuncnt in 
results to less than ±5 percent occurred with deficiencies in iron, 
manganese, calcium, and boron. It is evident that difi'erences of 
±10 percent from average cannot be accepted as evidence for de- 
ficiency unless consistently I'eproducible at will. 

Individual differences among tlu*. plants. selected for initial transfer 
are probably responsibh' for a part of the^se variations. These can 
be minimized, if necessary, by the use of a larger number of plants. 
An equally important consideration is the proper adjustment of the 
components of the nutrient solution, since fluctuations in an unsus- 
pected essential element can also result in large fliK^tuations in growth. 
Further study will be necessary to improve precision in results, but 
no serious difficulty is anticipated in attaining this objective. 

Table 1. — Groivf h of Lemna minor for 2- weeks under continuous illu mination of 500 
foot~candles of tungsten light at 25° C. 
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Table 1. — Grov)th of Lenina minor for 2 weeks under continuous illumination of 600 
foot-candles of tungsten light at 26^ C . — Continued 
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« Iron, zinc, manganese, molybdenum, gallium, calcium, and boron at concentrations of 0.04, O.Of), 
0.02, 6.0, and 0.05 me. per liter, respectively. 

a Water, 1,000 cc.; KNOs, 0.18 gm.; KHjPO^, 0.10 gm.; MgSOi. 7H«0, 0.04 gm. 

3 Water, 1,000 cc.; KNOa, 0.35 gm; KH2PO4, 0.20 gm.; MgSOi. TH^O, 0.10 gm. 

* Tiny, small, medium, and large are indicated by first letter only. Zero indicates that no growth took 
place, owing to rapid death of the plants. 

« dolor is gradeef as 0 (white) to 6 (normal green). 

There can be little doubt that omission of iron, mangauose, and 
calcium from the nutrient solution may result in decreased growtii 
when reagent chemicals are employed. Use of the higher salt con- 
centration in experiments 3 and 4 tended to diminish the neci^ssity 
for addition of these trace elements and to increase the uniformity in 
response. 

In the last two duplicate experiments (5 and 6) the nutrient solu- 
tion contained 5 gm. of sucrose per liter. The large increase in 
growth brought about through addition of sucrose definitely indicated 
photosynthesis to be the limiting factor for growth. This result was 
not unexpected, since Ashby and Oxley {t) had determined 1,600 
foot-candles to be optimum for growth of Lemna. Miscellaneous 
experiments with increased carbon dioxide content of the air con- 
firmed the need for additional light intensity. Results on tracer- 
element deficiencies with 0.5 percent of sucrose were somewhat poori^r 
with iron, while addition of molybdenum became necessary. Gal- 
lium became noiitoxic, though in previous experiments its addition 
had brought about slightly decreas^ growth . 

TRACE-ELEMENT DEFICIENCIES AFTER NUTRIENT-SOLUTION 

PURIFICATION 

Nutrient-solution purification with calcium carbonate led to in- 
creased trace-element deficiencies (table 2) with iron, zinc, manganese, 
molybdenum, gallium, and boron. Sufficient residual calcium re- 
mained in the nutrient solution after purification to provide completely 
for the needs of the plant. Omission of copper from the purified 
nutrient solution did not decrease growth. 
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SYMPTOMS OF TRACE-ELEMENT DEFICIENCY 

Symptoms of trace-element deficiency were not specific but usually 
consisted of a general chlorosis, sometimes greater at the base of the 
frond and at other times at the apex. Extreme manganese deficiency 
led to a specific clilorosis characterized by the presence of irregular 
bleached spots. 

Size of fronds usually decreased with dtificiency except in the case 
of zinc. It seems probable that the differences in responses observed 
are correlated with specific differences in quantitative effect of the 
different elements and do not differ qualitatively. 

RELATION OF ACIDITY TO RESULTS 

Acidity ranging from pH 3.85 to pH 5.46 permitted growth of 
Lemna. This is about the range found favorable for growth of green 
plants in general. Growth appeared better at acidities less than that 
corresponding to pH 4.0. 

The effect of growth on acidity of the nutrient solution was to 
cause a decrease. The extent of this decrease corresponded roughly 
to the (ixtent of growtli . 

DISCUSSION 

The results obtained with the calcium carbonate method of nutrient- 
solution purification indicate its applicability to work with green 
plants. Its use led to a definite improvement in the data on trace- 
element deficiencies with respect to the extent of the deficiencies and 
the number of elements needed. The necessity for the addition of 
iron, zinc, manganese, molybdenum, gallium, and boron to the 
nutrient solution was demonstrated following calcium carbonate 
purification. 

The difficulties associated with the use of this method of studying 
the trace-element requirements of plants are due primarily to the 
complete precipitation of phosphate and possibly of certain of the 
essentia] trace elements. An attempt to employ this method before 
the discoverv of the necessity for copper, manganese, molybdenum, 
gallium, and boron would most likely have resulted in such poor 
growth that the method would have been discarded. An adequate 
concentration of phosphate for Lemna can be assured by permitting 
the reaction mixture to reach equilibrium at room temperature before 
filtration. Though it was not necessary to resort to it with Lemna ^ 
the use of carbon dioxide at tensions higher than atmospheric should 
increase solution of the dicalcium phosphate precipitate according to 
known solubility data. 

The results reported for gallium are not considered entirely ade- 
quate proof of its essentiality for Lemna. Gallium could not be 
replaced, however, by the other constituents of the nutrient solution, 
including nitrogen, phosphorus, potassium, magnesium, sulfur, cal- 
cium, iron, zinc, manganese, molybdenum, and boron. Neither were 
the following elements found in preliminary tests able to replace 

f gallium in the nutrient solution: Copper, sodium, iodine, cobalt, 
anthanum, scandium, vanadium, aluminum, germanium, tin, 
lead, titanium, zirconium, cerium, thorium, nickel, and beryllium. 
However, replacement tests with the elements have not been com- 
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pleted as yet. It seems quite probable, nevertheless, that gallium 
will be found essential for growth of Lemna^ together with iron, zinc, 
copper, manganese, molybdenum, and boron (7). 

An explanation for the improvement in results with boron would 
appear to require the assumption that only adsorption on the pre- 
cipitate of dicalcium phosphate is concerned. No chemical reaction 
is known to the writer whereby boric acid would be precipitated under 
these conditions. 

The results on trace-element requirements of Lernna parallel those 
of Aspergillus quite closely, both with respect to the elements that 
are essential and their effective concentrations. Exceptions exist, of 
course, since these forms differ widely in morphology and physiology. 
Boron and calcium are apparently not requirecl by Aspergillus y 
whereas both are essential for Lemna. Zinc and copper are necessary 
for Lemna y in far lesser concentration than for Aspergillus y apparently. 
Results with Lemna were only fair with zinc, and the need for copper 
could not be demonstrated.^ 

Aspergillus requires iron, zinc, copper, manganese, molybdenum, 
and gallium in concentrations of 0.30, 0.30, 0.075, 0.075, 0.02, and 0.02 
mg. per liter, respectively, after purification of the nutrient solution. 
Lemna required iron, zinc, copper, manganese, molybdenum, gallium, 
and boron in concentrations of 0.30, 0.04, 0.0, 0.05, 0.02, 0.02, and 
0.04 mg. per liter, respectively, after nutrient-solution purification. It 
is interesting to note that the tomato plant was found by Arnon and 
Stout (f ) to require 0.01 mg. of molybdenum per liter tifter calcium 
carbonate purification of the individual salts. 

Further improvement in technique with Lemna should include 
modification in experimental conditions so as to use light of optimum 
intensit^r. This is about 1,600 foot-candles, as already mentioned. 
The basis for this statement is readily understood. The quantity of 
any trace-element impurity can be decreased by purification to an 
extremely low level, but, unless other conditions for growth are 
optimum, the poor yield of the control tends to eliminate this advan- 
tage. Poor yields of the control also increase the percentage error of 
duplication. It seems probable, therefore, that results on deficiencies 
obtained through application of this technique to crop plants should 
prove superior to tliose obtained with Lemna. LemnUy nevertheless, 
has proved adequate to serve in a micromethod for the study of mineral 
requirements of green plants. 


SUMMARY 

Lemna minor L. was grown aseptically in py rex flasks with illumina tion 
supplied by tungsten lamps, fluorescent lamps, or north light. Deficien- 
cies in iron, manganese, and calcium were found to exist in nutrient 
solutions prepared with reagent chemicals. Use of the calcium car- 
bonate method of nutrient-solution purification led to a definite 
intensification of these eflPects. The addition of iron, zinc, manganese, 
rnolybdenum, gallium, and boron was found necessary afte.r purifica- 
tion. The conditions necessary for the use of this method with green 
plants were established, and the use of the method is suggested in the 
study of trace-element requirements of crop plants. 

» Later trials gave positive results with copper at 0.01 mg. per liter. 
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BODY FORM IN GROWING CHICKENS' 


By R,. George Jaap 

Associate professor in poultry husbandry y Oklahoma Agricultural Experiment Station 

INTRODUCTION 

Using adult female chickens fed and managed in a similar manner, 
Jaap and Thompson (8) ^ demonstrated heritable differences in body 
shape. The criteria of conformation iised were the ratios obtained 
by dividing length of shank, body depth, and length of keel by the 
cube root of body weight. Such measures of body conformation in 
live birds have proved valuable for predicting visual body shape (7) 
when chickens or turkeys arc being prepared for human consumption. 
The observations reported in earlier papers (7, 8) were made in the 
latter part of the growth period and at maturity. The present study 
was planned to determine whether the above measurements may be 
used to detect heritable differences in body shape of live chickens at 
an early stage of growth, the so-called “broiler^^ ages. 

A large proportion of market poultry is killed early in the growth 
period. In order to reserve for breeders those chickens having supe- 
rior body conformation, it is important to measure body shape and 
other characteristics of market quality as early as 8 weeks after the 
chicks are hatched. In chicks of equal table quality, those whose 
body weights increase most rapidly during the first 8 to 12 weeks ot 
life are generally considered the most profitable. More food is re- 
quired for maintenance in the slower growing birds and turn-over of 
investment is not so rapid when growth is slow^ These are probably 
some of the reasons why periodic increase in body w^eight is used in 
so large a number of studies as the measure of economic efficiency in 
the growth of chickens. It is evident that the most rapidly growing 
chickens do not, by virtue of their growth rate, necessarily have a 
body form that is pleasing to the eye. 

METHOD OF SECURING DATA 

Many investigators have demonstrated that season of hatch influ- 
ences the growth rate of chickens. Kempster and Parker (/f) have 
explained the differences in growth rate of their chicks as the result of 
retardation produced by high summer temperatures. Galpin (f?), 
raising chickens under controlled temperatures, has suggested that the 
main factors influencing growth rate are vested in the egg, and these 
in turn, are probal)ly related to factors controlling the physiological 
activity of the dam. Since seasonal differences might affect propor- 
tions as well as general body growth, the records used for this report 
were obtained for different kinds of chickens hatched at the same 
time and subjected to the same environment. 

In order that the study might be applicable to the production of 
broiler and frying chickens in Oklahoma, 1,024 chicks were hatched 

‘ Received for publication April 2, 1940. 

* Italic numbers in parentheses refer to Literature Cited, p. 442. 
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on November 10, 1938. Classified according to parentage, these 
chicks belonged to five groups, produced by the following sires and 
dams: 

Sire Dam 

Group 1, White Plymouth Rock X White Plymouth Rock. 

Group 2, Single-Comb White Leghorn X Single-Comb White Leghorn. 

Group 3, Dark Cornish X White Plymouth Rock. 

Group 4, Dark Cornish X Single-Comb White Leghorn. 

Group 5, White Plymouth Rock X Single-Comb White Leghorn. 

Hereafter reference to the different progeny groups is made by the 
breed name of the parents, as Plymouth Rock, Leghorn, Cornish X 
Plymouth Rock, Cornish X Leghorn, and Plymouth Rock X Leghorn. 

To make the crossbreds directly comparable with the Standard 
varieties, the following procedure was used. An equal number of 
Cornish and Plymouth Rock males were alternated daily between 
two pens of Plymouth Rock females. These pons produced groups 
(1) and (3) given above. The crossbreds were distinguished by 
colored plumage and pea comb. Groups 4 and 5 wore produced 
by daily alternating the respective males between two pens of Leg- 
horn females. The crossbred chicks in this case were identified by 
the pea comb. This identification was checked at 8 weeks of age by 
the dominant, compact or close feathering characteristic of crosses 
involving the Cornish breed. The Leghorn chicks (group 2) were 

E roduced by alternating a number of males in pens of females whose 
reeding was similar to that of the females used for the production 
of groups 4 and 5. The Leghorn breed is not ordinarily considered 
desirable for the production of poultry meat, but because of a shortage 
of eggs from larger breeds in September and October, many com- 
mercial producers of chicks have been seeking information regarding 
the advisability of crossing large males with White Leghorn females. 
It was for this reason that the particular crosses to be included in 
these observations were chosen. The White Leghorn and White 
Plymouth Rock stock conform very closely to the breed standards as 
given by the American Poultry Association {2), The Dark Cornish 
used in those studies deviate from the Standard tjrpe by being some- 
what longer legged and approaching the body carriage of the Game or 
Malay fowl. 

To control environmental differences a proportionate number of 
each of the 5 groups was placed in each of 12 pens in a continuous 
floor brooding system. Thus each group as a whole was subjected 
to the same environment. For the first 4 weeks the chicks were fed 
an all-mash ration. No. CQ263.® At 4 weeks of age an additional 
feeder containing 2 parts cracked yellow corn, 1 part wheat, and 1 
part kafir was placed in each pen. When the chickens reached 12 
weeks of age, sex was recorded. At this time 400 of the living birds 
were retained for further observation and the remainder killed and 
plucked for visual observations on body form. 

Individual body weights were recorded at hatching and every 2 
weeks during the experiment. Shank length, anterior body depth, 
and keel length were measured at 8, 12, 16, and 20 weeks after hatch- 
ing. Since previous unpublished records indicated that the female 
shank ceases increasing in length by about 4 months of age, shanks of 

« PENQUtTE, Egbert, Heller, V. G., and Thompson, E. B. rations for the production of meat 
BIRDS, BROILERS, FRYERS AND ROOSTERS. Okla. AgT. Expt. Sta. Mim. CiT. 32, [4] pp., UlUS. im. 
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all females retained for study were measured every 2 weeks between 
16 and 24 weeks of a^e. 

METHODS OF SUMMARIZING DATA 
The shape ratio 

Linear mea surement (1) 

Vbody weight 

is used to obtain a numerical expression of body form. While under 
certain conditions this ratio may be shown mathematically to be a 
function of the allometric or relative growth equation {19), it is used 
in this paper only as a simplified index of conformation. Lerner 
{18, 19) has criticized this ratio on the basis that it is in reality the 
initial growth index of Huxley and Teissier {5) and that it is a selected 
case oi limiting allornetry. Formula I presents no evidence as to 
how the shape of the chicken was attained. Since it has been shown 
that shank length exhibits positive allornetry as compared with the 
body as a whole {16)^ the numerical value of the shape ratio when 
based on shank length would be expected to have different numerical 
values with increases in age of the bird. The value of the shape 
ratio as a means of predicting conformation differences was checked 
against a visual classification on those chickens that were killed and 
plucked at 12 weeks of age. 

Shape ratios usckI in a previous report {8) were calculated for each 
linear measurement of each female. In the present data the shape 
ratios were obtained from means. As a test of validity of this pro- 
cedure data for tlu^ Plymouth Rock females included in this report 
were calculated by both methods. The slight difference between the 
mean of ratios and the ratio of the means proved to be statistically 
nonsignificant. Analyses of variance were made from the original 
measurements. From the statistics thus obtained and the mean 
body weights of the groups being compared probability points were 
estimated. 

To measure the relativci growth of the part as compared with the 
body as a whole, a growth ratio was obtained from the equation 

In Lr—ln Li . . 

In Wi 

in which Wi and Li are mean body weight and mean linear measure- 
ment, respectively, at the beginning, and W 2 and L 2 mean weight and 
mean measurement of the same group at the end of the growth period 
under consideration. Since these growth ratios are based on mean 
measurements from relatively large numl)ers of individuals, they 
probably present a fairly accurate estimate of relative growth in each 
group during the period of consideration. 

Formula 2 represents one method of estimating the value of a in 
the allometric equation {5), y~bx^, when 1 / is a part, x the standard or 
whole, and b the value of y when .t— 1. Many investigators have 
stressed that more nearly precise approximations of a constant 
growth ratio (a) are obtained from least-squares solutions which are 
based upon a number of points during growth. Solutions of formula 2 
must not be confused with actual equilibrium constants for early 
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phases of growth. They are used simply to portray the relative 
growth of the part during the period under consideration and for 
comparison with changes in the shape ratio (formula 1) calculated 
at the beginning and end of the period. An expedient tool in practice 
is one which permits calculation at a given point in time. 

SUMMARIZED DATA 

CESSATION OF GROWTH IN LENGTH OP SHANK 

Table 1 contains the mean shank length of 8 groups of females at 
2-week intervals between 16 and 24 weeks after hatching. It may be 
observed that the shank in each group, except the Light Brahmas, 
reached its maximum length by 16 to 18 weeks. Shank length of 
the Jjight Brahmas increased up to 22 weeks of age. In all other 
groups the small numerical differences in shank length at successive^ 
periods after 18 weeks are well within the error of measurement. In 
view of the observation of Waters {27) it is probable that the apparent 
retarded growth of shank in the Light Brahma may be the result of a 
general retardation associated with late sexual maturity. Since 
there is very little information in the literature concerning the period 
of longitudinal shank growth further observations are in progi-ess for 
both sexes. 

The records presented in table 1 are in agreement with those of 
Latimer {15) for the tarsometatarsal length in White ]j('ghorns. 
Latimer observed that the tai'sometatarsus ceases to grow in length 
by 110 days after hatching in females and 142 days in males. Bone 
weight, however, increases to maturity. These findings would tend 
to invalidate the assumption of Lerner {16) that length {L) and weight 
{W) of the bird^s tarsometatarsus bear a consistent relation as ex- 
pressed by W^CU, 


Table 1. — Mean shank length of growing jemale chickens of different breeds and 
crosses aged 16 to ^4 weeks 


Breed or cross of i)arents 

Females 

i 

1 Shank length for indicated age (wee.k.s) 

16 

18 

20 

22 

24 


Nuiuher 

Cenii- 

ineterH 

Ctnti‘ 

vieters 

Centi- 

meters 

Centi- 

meters 

Centi- 

meters 

Sinple-Conib Brown Leghorn 

28 

8.86 

8.89 

8. 94 

8.89 

8.89 

Kliocie Island Ked 

14 

10.36 

10. 67 

10.64 

10.59 

10. 59 

Light Brahma . . - 

6 

10.03 

10. 39 

10.57 

10. 77 

10. 77 

White Plymouth Rock 

44 

10.62 

10.69 

10.69 

10.69 

10.67 

Dark Cornish maleXWhite Plymouth 
Rock female 

46 

9.98 

10.26 

10.31 

10. 34 

10. 34 

Slhglo-Comb White Leghorn 

37 

9. 47 

9.63 

9.56 

9.60 

9. 58 

Dark Cornish maleXSingle-Comb W'hite 
Leghorn female 

17 

9. 32 

9.60 

9.47 

9. 47 

9. 47 

W’^hite Plymouth Rock maleXSingle- 
Comb White Leghorn female 

36 

10.06 

10.19 

' 

10.16 

10. 13 

10. 19 


Records on the increase in shank length with age of White Leghorns 
collected by Neunteufel {25) indicate that growth is very slow after 
22 weeks. In Neunteufehs data the number of birds varied slightly 
with, successive measurements, which may account for the discrepancy 
between her records and those presented in this paper. Lemer's 
data {16, 17, 18) indicate that shank length of both males and females 
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increased more rapidly than body weight in chickens between 16 and 
20 weeks of age. The possibility of an earlier attainment of maximum 
shank length in more rapidly growing stock should be tested by 
further research. 

Since the shank appears to reach its maximum length relatively 
early, normal increases in general body weight after this period will 
produce marked changes in a shank-body shape ratio (formula 1). 
The cessation of shank growth at an early age is not a phenomenon 
peculiar to chickens. Unpublished records of mean shank length of 
female turkeys show no increase between 24 and 52 weeks after 
hatching. Poisson {26) observed that the cannon (carpal) bone of 
sheep reached its ultimate length by approximately 1 year but was still 
actively growing in thickness. Use of shank length in a shape ratio 
to determine whether hereditary conformation differen(*cs exist must, 
therefore, be at known ages. 

Since Lumer {20) has demonstrated that the allometric equation is 
not valid when either of the variables approaches its upper asymptote, 
growth constants {5) for the relation between shank and body apply 
only during early phases of growth, at least ])rior to 16 weeks in 
females. The limiting e(|uilibriuni constant for adult proportions 
differs from the growth constant as a result of the normal growth of 
body after increases in shank length cease. Should the shank-body 
growth constant of 'Bantams be similar to that of nonnal sized 
breeds, a much lower limiting equilibrium constant is indicated from 
the data of Lerner {16), 

Two factors which restrict length of the long bones to a greater 
degree than body weight have been studied by Landauer {12y 18^ 14)- 
From previous hatchability records the rather long-legged Cornish 
used in the present studies appeared not to carry the lethal factor {18) 
responsible for shortening of the long bones. Wright {28) has sug- 
gested special factors which control the growth of parts. Lumer {21) 
observed six allometric tribes in domestic dogs. Special factors such 
as these occurring in some strains and not in others may tend to 
depreciate the value of shank length in an expression of body form. 
In other words, anything which restricts the length of the long bones 
as compared with the remainder of the skeleton in certain strains would 
invalidate the use of shank length for comparing skeletal size of all 
strains of chickens. 

GENERAL BODY GROWTH 

The chickens used in this study were started on a diet ^ that has 
produced rapid early growth (table 2). Moreover, they were hatched 
at a season of the year that appears to be very favorable for rapid 
early increases in weight. As a result, growth rate of the body as a 
whole was greater than that ordinarily reported. The percentage 
growth rates calculated according to the aritlimetical method of 
Brody {8) are presented in table 2. In males, percentage growth 
rate from 0-4 weeks of age ranges from 148.3 for the Cornish X Plym- 
outh Rock cross to 153.4 for the Cornish X Leghorn cross. The 
pullet growth rates during the same period ranged from 143.9 for the 
Cornish X Plymouth Rock progeny to 150.0 percent for progeny of the 
Plymouth Rock X Leghorn cross. These growth rate figures are con- 
siderably higher than those given by Kempster and Parker {11) for 


* See footnote 3. 



436 


Journal of Agricultural Research 


Vol. f>2, No. 7 


early hatched pullets. Similarly, the growth rate of both sexes from 
4 to 8 and 8 to 12 weeks may be considered above normal. When 
the logarithms of body weights at 2-week intervals are plotted against 
miits of time, these data do not approach a straight line relation at 
any time during the period of observation to 18 weeks. Therefore, 
body weight in this study did not increase at a constant percentage 
rate. 

Table 2. — PercerUage growth rates ^ of chickens used in this study while on the 

starling diet 


Brood or crrjss 

Males 

Growth rate for indi- 
catc(i age i»eriod (weeks) 

Fe- 

male.s 

Growth rate for indi- 
cated ago iMiriod (weeks) 

0 4 

4-8 

H-12 

0-4 

4-8 

8-12 

Dark Cornish X White Plymouth 

Number 

Percent 

Percent 

Percent 

Number 

Percent 

Percent 

Percent 

Rock... - 

m 

148. 3 

00. 5 

58.8 

105 

143. 0 

05. 0 

,54. 6 

White Plymouth Rock . . 


150.2 

101. 1 

58.0 

151 

148.2 

05, 8 

54.0 

White Plymouth Rock X Singlo- 









Comb White Leghorn - . 

1.14 

15:13 

101. 1 

56.0 

126 

160.0 

04. 6 

50. 1 

Dark Cornish X Single-Comb White 









Leghorn 

‘ifj 

1.5.3. 4 

100.3 

52. 0 

44 

147.9 

03. 6 

.50.7 

Single-Comb White Leghorn 

63 

140.3 

04.0 

.54. 8 

64 

147.3 

87.4 

4.5.6 


1 Percuntage rate of growth — ^ ** * weight at the beginning and Wi 

w’eight at end of tiio period under consideration. 


In each of the five groups, the male chicks weighed more than the 
females at 2 weeks of ago. This mean difference between sexes 
within groups was higlily significant statistically. Whether this was 
due to an early difference in the sex stimulus for growth remains to 
be determined. Although Jourdain (9) obtained more rapid growth 
in pullets raised separately from the cockerels, it is inconceivable to 
the author that the presence of male chicks in these groups could 
have influenced the growth rate of their sisters at such an early age. 
Munro and Kosiii (^4) have observed a sex difference in chick weight 
at hatching. Ackemon and Mussehl (1) found males to be heavier 
than females at 1 week of age. Under restricted diet and an inte- 
grated value for growth based on two lots hatched 1 day apart, 
Mstislavsky (28) ® observed slightly superior growth of males during 
the fii-st 15 days after hatching. This difference then disappeared 
and was not again observed untU approximately the forty-fifth day. 
Studies are in progress to determine whether a ration which produces 
maximum early growth favors an early expression of the sex difference 
in growth rate when sexes are reared separately from hatching. 

Mortality to 12 weeks of age was relatively low. In each of the 
Plymouth Rock and Plymouth Rock X Leghorn groups the loss 
was 6.5 percent. Mortality in Leghorns was 3.8 percent; in Cornish X 
Leghorn, 1.5 percent; and in Cornish X Plymouth Rock, 5.8 percent. 
Data for chicks that died are excluded from the summarized records. 

RELATIVE GROWTH OP SHANK AND BODY 

Table 3 presents the available material relative to changes in body 
shape which result from the relative rate of shank growth. Assuming 

> The author is indebted to Dr. V. L. Maleev of the Engineering Division, Oklahoma Agricultural and 
Mechanical College, for interpretation of this part of the cited article. 
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that a growth ratio of 0.333 (16) represents equal growth rate of shank 
and body between 8 and 12 weeks after hatching, shank length in- 
creased more rapidly than body weight in all cases except Cornish X 
Leghorn and Cornish X Plymouth Rock females. By the method 
described previously it is estimated that the positive allometry of shank 
length observed in Leghorn females and all males between 8 and 12 
weeks is statistically significant. 

Lerner (18) has criticized the author’s use of the shape ratio, stating 
that it is less precise than solutions based on logarithms. A very 
consistent relation may be noted between the value of the growth 
ratio (formula 2) and the increase in numerical value of the shape ratio 
(formula 1) for the 8- to 12-week period. The data shown in tables 3 
and 4 clearly indicate that the differences in the shape ratios that are 
calculated arithmetically arc as sensitive a measure of growth changes 
as the growth ratio calculated from the logarithms of the data at two 
points in the growth period. It is possible that this close association 
may be observed only when birds of the same age are being compared. 


Table 3. — Relative growth of Hhank length and body weight with resulting changes 
in body shape of chickens between 8 wnd 16 weeks of age 



Shape 

(Irowth 

Shape 

Growth 

Shape 

Birds of 

Sex, breed, or cross j 

ratio • 1 

ratio at 

ratio 1 

ratio at 

ratio » 

superior 

at 8 j 

8-12 

at 12 

12 18 

at 18 

shape at 


we<*ks 

weeks 

weeks 

w(‘eks 

W’ceks 

12 weeks 

Females: 

Dark Cornish X White Plymouth Uoek 

AST 

0.338 

588 

0. 21)5 

575 

Percent 

79 

White, riyiiiouth Kock 

591 


595 

. 285 

585 

71 

Dark Cornish X SinRle-Comb White Ta'r- 
horn 

584 

.334 

585 

. 189 

555 

91 

White Plymouth Houk X SinRle-C.'Omb 
White .Lt*Khorn 

.•>98 

.341 

801 

.248 

585 

58 

Single-Comb White Leghorn 

fRH 

.372 

815 

.207 

590 

30 

Males; 

Dark Cornish X White Plymouth Rock * 

r)99 

. 375 j 

818 

.341 

818 

81 

White Plymouth Rock. . , .. i 

1 813 

.389 i 

t;28 

. 370 


48 

Dark Cornish X Slngle-C'ornb White Leg- 
horn. . 1 

800 

.3(K’, 1 

811 

. 330 

810 


White Plymouth Kock X Single-C'onib 
White Leghorn . . 

818 

.359 

828 

. 328. 

828 

i 

58 

Single-Comb W'hite I^eghorn 

1 

824 

.348 

829 

. 339 

830 

42 


• By formula 1, p. 433. 
2 By formula 2, p. 433. 


The data presented here tend to support Ijcrner’s assumption (16) 
that a value of 0.333 for the growth ratio represents relatively equal 
increases in shank length and body weight, i. e. isometry. In table 
3 the column labeled Birds of superior shape at 12 weeks” gives the 
percentage of those killed at 12 weeks of age that appeared superior 
in body conformation after feathers had been removed. A fair agree- 
ment between the shank-body shape ratio at 12 weeks and the visual 
grading may be observed within each sex. A decrease in the numeri- 
cal value of the shape ratio is associated with a higher percentage 
attaining a superior rating on visual body shape. 

Since the shank-growth ratio for females between 12 and 16 weeks 
of age is smaller than 0.333 it is apparent that the body grew more 
rapidly than the shank increased in length. The resulting changes 
in body form may be seen in the numerical reduction of tlie shank-body 
shape ratio at 16 weeks of age in females. During this same period 
growth rate of the male shank equaled or exceeded body growth; 
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however, a marked reduction may be observed in the relative increase 
in shank length between 12 and 16 weeks of all male groups, except the 
Plymouth Rock, Since these males were used to obtain other in- 
formation complete records are not available at 20 weeks of age. 
The body weight of those males measured at 20 weeks had increased 
more rapidly than shank length. Tlie data presented in table 3 
show in a more marked degree similar fluctuations in relative growth 
values observed by Lerner {17) for individual birds. They do not 
invalidate the use of a constant growth ratio for early stages of growth 
but they do indicate that approximately 12 weeks of age may be tlie 
upper age limit for its use with females. 

BODY FORM AS INFLUENCED BY RELATIVE CHANGES IN DEPTH 

Body depth is here considered as the minimum distance betweer? 
the anterior extremity of the keel and the dorsal surface of the body. 
The depth-body shape ratios and growth ratios calculated from for- 
mulas 1 and 2 are given in table 4. Between 8 and 12 weeks body 
depth increased relatively much more slowly than body weight. As a 
result the depth-body shape ratios are much smaller at 12 weeks. 
The body of all varieties and both sexes, therefore, became much 
plumper by 12 than they were at 8 weeks after hatching. After this 
period body depth and weight appeared to increase in about the same 
percentage relation. The majority of the differences between shape 
ratios at 12 and 16 weeks may be considered statistically nonsignificant. 


Table 4. — Relative growth of body depth and weight of chickens^ and resulting 

changes in body shape 


Sox, brood, or cross 

Shape 
rati<j 1 
at 

H weeks 

Growth 
ratio 3 at 
8-12 
w’eeks 

ShBl)0 
ratio > 
at 

12 

week.*? 

Growth 
ratio 3 at 
12-16 
weeks 

i 5.3 2 

Growth 
ratio * at 
16-20 
weeks 

Shape 
ratio » 
at 

20 

W(‘eks 

Females: 








Dark Cornish X White Plymouth 








Rock - 

675 

0.262 

550 

0.364 i 

666 

0.298 

551 

White Plymouth Rock 

690 

.266 ! 

568 

. 376 

677 

.348 

579 

Dark Cornish X Single-Comb 








White Leghorn. 

680 

,226 

649 

. 323 

548 

.247 

530 

White Plymouth Rook X Single- 








Comb White Leghorn 

592 

.225 1 

660 

.317 

657 

. 332 

557 

Single-Comb White Leghorn . . . ... 

698 

.157 i 

552 

.326 

650 

. 308 

547 

Males: 








Dark CornishXWhite Plymouth 








Rock , _ 

678 

.272 

668 

.368 

1 668 



White Plymouth Rock 

686 

.291 

571 

.356 

677 



Dark Cornish X Single-Comb 








White Leghorn. -1 

578 

.268 

556 

. 346 

658 



White Plymouth Rock X Single- 
Comb White Leghorn 

693 

.260 

668 

.341 

569 



Single-Comb White Leghorn 

597 

.205 

656 

.324 



— 


» By Formula 1, p. 433. 
3 By Formula 2, p. 433. 


CHANGES IN RELATIVE KEEL LENGTH 

It has previously been shown (7) that changes in relative keel 
length do not materially affect the visual conformation of the body. 
Between 8 and 12 weeks of age there was very little change in pro- 
portional keel length, but between 12 and 16 weeks keels of both 
sexes in all groups became proportionally much longer. During this 
period the mean shape ratios of the females increased from 509 to 
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570 and the males from 551 to 571. These data indicate that the 
growth of the keel differed distinctly from that of shank length. 
Further evidence of an inherent difference between growth in length 
of keel and growth in length of the long bones is found in the data of 
Caskey and Norris (4). In these experiments a deficiency of man- 
ganese during the embryonic stages limited the postnatal growth of 
the long bones but did not influence the length of the keel. The close 
iigreement between the difl'erences in shape ratios at the beginning 
and end of each period and the growth ratios for that period was also 
observed in the data for keel length. IsonKfljy, or relatively equal 
growth of the part to the whole in all three linear measurements 
(shank length, body (h^ptli, and keel length), appears to give a growth 
ratio of approximately 0.333. 

HERITABLE SHAPE DIFFERENCES BETWEEN BREEDS AND CROSSES 

It has been impossible by the use of weight, depth, shank and k(^el 
length to detect significant differences in body conformation at 8 
weeks of age. Proportional differences in body dimensions are not 
very large at this age and variability in general is greater. By 12 
weeks of age many of the differences in body shape are highly sig- 
nificant as estimated l)y probability points secured from the actual 
data. Difl'erences betvv('en c(‘rtain female groups exist in all thrive 
criteria. Male groups differed most in proportional body depth at 
12 weeks. In both sexes, the Coniish male parent increased the rela- 
tive body weight as compared with body depth and shank length. 
The relation between relative keel lengths of the various groups 
varied through the obscu'vation period. The only consistent group 
difference was the Cornish X Leghorn female progeny which had 
a relatively shorter keel length at 8, 12, 16, and 20 weeks of age. 

Proportionally shallow bodies and short shaidvs indicate superior 
body shape of chickens after the feathers are removed. On the basis 
of these two criteria (tables 3 and 4) the visual body shape after 
killing and dressing would be in the following decreasing order of 
preference at 12 weeks of age. Males: (1) Cornish X Leghorn, (2) 
Cornish X Plymouth Rock, (3) Plymouth Rock X Leghorn and 
Plymouth Rock, and (4) Leghorn; females: (1) Cornish X Leghorn, 
(2) Cornish X Plymouth Rock, (3) Plymouth Rock, (4) Plymouth 
Rock X Leghorn, and (5) Leghorn. test this relation further a 
random sample of (*ach sex group, except Cornisli X Leghorn males, 
was taken and the birds were graded into visual preference groups 
after they were killed and the feathers removed. The distribution 
of the birds into 4 arbitrary preference groups is shown in table 5. 
The plumpest birds were placed in conformation grade 1. Grades 
2, 3, and 4 each had inferior shape quality. The guide used to 
determine shape quality was that given by the Bureau of Agricultural 
Economics The percent of the total of each sex group placed in 
grades 1 and 2 compares very favorably with the order of preference 
judged from live bird measurements. The relation is not as close in 
this population at 12 weeks of age as was found for mature cockerels 
and capons (7). 

«U. 8. Dkpartment or Aoricvltitre, Bureau of Agricultural Economics, classification and 
TENTATIVE SPECIFICATIONS FOR U. S, STANDARDS AND GRADES FOR DRESSED CHICKEN. 8 pp. Washington, 
D. C. 1938. [Mimeographed.] 
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Table 5. — Distribution of birds into 4 arbitrary preference grades according to 
the number in visual conformation grades after killing and plucking at 12 weeksy 
and also the percentage of birds in the upper 2 grades 


Breed or cross 

Sex 

Birds in conformation grade 
No. 

Birds 

in 

grades 



1 

2 

3 

4 

Nos. 1 
and 2 

i;)ark C^ornish X Whitt* I’lyiJioutli Rock 

Wiiite Plymouth Rock 

White Plymouth Rock X Singlc-Coiiih Whif<* 

Leghorn 

Dark Cornish X Single-Comb White Leghorn 

Single-Comb White Leghorn - 

/Male 

\ Female . _ 

/Male 

\ Female 

/Male 

1 Female _ 
Female 
/Male . 

\ Female 

IVum- 

her 

10 

21 

14 

31 

12 

17 

12 

1 

1 

Num- i 
her 

12 

21 

40 

3(i 

34 

29 

9 

9 

6 

Num- 

ber 

10 

7 

40 

19 

23 

27 

S 

14 

Num- 

ber 

4 

4 

19 

8 

10 

1 7 

1 

2 

Per- 

cent 

01 

79 

48 

71 

58 

58 

91 

42 

30 


From the analyses presented it may be observed that th(‘ criteria 
of body shape which have been used in this study roughly segregate 
the visual classes. A much greater refinement of measurements and 
technique is needed to obtain nonsubjective accurate records of body 
shape in chickens during their early growth period. 

PERCENTAGE OF EDIBLE FLESH AND BODY CONFORMATION 

To determine whether there is any relation between criteria of body 
conformation and percent of edible flesh, a number of males were 
deboned and examined. Plymouth Rock and Cornish X Plymouth 
Rock crossbred males w^ere killed weekly as they reached approxi- 
mately 6 pounds of live body weight. Another group consisting 
of Cornish X Leghorn and Plymouth Rock X Leghorn crossbred males 
were killed as they approached 5 pounds. Edible flesh is considered 
to include the boneless flesh and skin and the cleaned giblets. The 
mean shape ratios and mean percentages of edible flesh of dressed 
body weight are given in table 6. The Cornish parent has caused 
a statistically significant increase in edible flesh in both crosses. This 
is in agreement with the observation of Maw (^£) for males at 26 
weeks of age. The males of the present report ranged between 18 and 
27 weeks of age at the time the data were collected. The differences 
in mean shank ratios correspond very closely to the differences in per- 
centage of flesh of the groups. These differences are highly significant. 
Within each bird percentage of edible flesh and proportional shank 
length are not correlated. This ma^y be attributable to a relatively 
high variability within groups and indicates that the shank-body shape 
ratio is not a satisfactoiy basis for predicting the percentage of flesh 
in individual birds. Jull, Quinn, and Godfrey (JO) state that flesh 
production is apparently inherited largely independently of skeletal 
structure but present no evidence to support this statement in the case 
of the chicken. 

Percentage of edible flesh is no staisfactory criterion of visual 
market quality. It appears that a chicken may attain superior body 
shape in two ways, namely, by an increase in flesh and fat and by 
changes in the basic shape of the skeleton. Thus far it has been 
impossible to differentiate birds which attain a plump body through 
additional flesh and those whose skeleton is so contsructed as to make 
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the body appear plump. It is indicated that the Cornish as a breed 
has both characteristics and apparently transmits them to its progeny. 
Actually the difference in percentage of edible flesh in these widely 
divergent groups ranges from only 1.5 to 1.9 percent of the dressed 
body weight. Stated in another manner, this mean difference in 
percent of edible flesh in 5-pound roasters may bo expected to be less 
than one-tenth of a pound. Though this difference is highly signifi- 
cant statistically its value to the consumer is probably less than the 
value of a desirable body conformation. From the market standpoint 
it is important that the carcass appear plump regardless of ratio 
between bone and (idible flesh. 


Table Ci.—^Mean shape ratios and mean percentage of edible flesh for male birds of 
different progeny groups when killed at approximately 5 or 6 pounds live weight 


Progeny grouy) 

M ah*s 

Mean 

(iress<‘d 

Mean live-weight 
ratios 

Ratio of 
edible 
flesh to 


weight 

Depth 

Shank 

Keel 

dressed 

weight 

While Plymouth Rock . . 

Number 

SO 

Pounds 

0.37 

077 

()29 

000 

Percent 

51.4 

Dark Cornish X W'hite Plymouth Rock. .. 

41 

5. 48 

670 

016 

001 

62.9 

White Plymouth Rock X Single-Cornb White 
Leghorn. . 

20 

4.34 

OHO 

032 

014 

01.4 

Dark Cornish X Sirigh'-Comh White Leghorn. 

21 

4. 30 

0()G 

001 

595 

53.3 


SUMMARY 

A thousand and twenty-four chicks were hatched from two breeds? 
and three crosses. These five groups were reared together in such a 
manner that an equal proportion of each group was subjected to such 
environmental variations as occur in a uniform brooding system. 
General body growth was considerably above normal. Male chicks 
were heavier than their sisters at 2 weeks after hatching. 

Longitudinal increases in sliank length were observed to cease by 
16 to 18 weeks after hatching in all female groups except the Light 
Brahmas. From these observations it is aj)paient that the growth 
constant should be differentiated from that of the limiting equilibrium 
constant based on relative shank length at maturity. Since shank 
length rapidly approaches its upper asymptote in growth it is suggested 
that relative growth constants for the shank length of female chickens 
may apply only to growth prior to 12 weeks of age. Evidence that 
16 weeks may be a comparable age in males is presented. 

In this experiment anterior body depth became relatively smaller 
between 8 and 12 weeks after hatching in both sexes. Extreme 
differences between relative longitudinal growth of keel and shank 
were observed. 

Heritable difference in conformation manifested between groups 
could not be readily distinguished until the birds were 12 weeks of 
age, a fact which demonstrates that a much greater refinement in 
methods of describing form is needed for growing chicks. The Dark 
Cornish male parents increased the percent of edible flesh in their 
crossbred male progeny. Since this increase amounted to only about 
1.5 to 1.9 percent of the dressed body weight, body shape is considered 
more important than edible flesh in poultry practice. Percentage of 
edible flesh is not satisfactory as a criterion of visual conformation. 
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ANALYSIS OF YIELD OF HARD RED SPRING WHEAT 
GROWN FROM SEED OF DIFFERENT WEIGHTS AND 
ORIGIN ' 

By L. R. Waldron 

AgronomM^ North Dakota Agricultural Expcrivient Station 
INTRODUCTION 

Tliis paper presents data obtained on plantings of wheat of different 
kernel size. Two experiments were carried out, the first in 1936, 
when weather conditions were very adverse. Rates of seeding in 
this experient varied from light to very heavy with some of them 
similar to those used in fann practice. In the second experiment, 
in 1938, large seed that had matured in the greenhouse and smaller 
seed that had matured out of doors were space planted. 

REVIEW OF LITERATURE 

Many papeis have been written dealing with the effect of weight 
or size of seed upon the resulting crop. As far as the cereals arc con- 
cerned, most investigators report positive relationship between the 
crops obtained and the use of heavy and light and large and small 
par(*iit seeds. Mallach^ reviewed the literature rather completely 
and found this to be gcuierally true. In his own experiment with 
spring wheat and barley the seeds were sorted as to size and then 
chissified according to weight. They were sf)aced in rows at the 
rate of about 9 piM* square foot. GeiK'rally the heavier seeds gave 
th(» greater grain yi(*ld per plant. In 52 comparisons with wheat, 
the grain yield p<u’ plant from tin* heaviest kernels was 16 percent 
greai(>r than from the irK'diumweight kcrnt^ls. TIk' yield of grain 
per plant was essentially the same for lightweight, and mediumweight 
kernels. The yield p(*r plant reported by Mallach from the medium- 
weight and heavyweight seeds are equivalent, respectively, to 60.5 
and 70,2 bushels i)er acre. 

Kiesselbach and Helm ^ worked with spring and winter wheat and 
with Kherson oats. Spring wheat, seeded in equal number of kernels 
per unit area, gave 11 p(*rcent greater yield per acre from heavy 
kernels. When equal weights of seed were planted per row, the 
difference in yield was scarcely appreciable. The yields were* g(>ner- 
ally between 10 and 12 bushels per acre. 

1 Received for publication .Tune 3, 1940. 

3 Mallach, Josef, untersuchunoen Cber die beoeutuno von kornorOssk i/no kinzelkorn- 
gewicht beim saaout. Wiss. Arch. f. Landw., Abt. A, Arch. f. Pflanzenbaii 2: 219-295. 1929. 

® Kiesselbach, T. A. and Helm, C. A. relation of size of seed and sprout value to the yield 
OF SMALL CRAIN CROPS. Ncbt. Agr. Expt. Sta. Res. Bui. 11, 73 pp., illus. 1917. 
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WHEAT GROWN FROM LIGHTWEIGHT AND FROM HEAVYWEIGHT 

SEED 

MATERIAL AND METHODS USED 

In the spring of 1936 a quantity of wheat which showed marked 
variation in size of seed was available from the cross Ceres X 
(Hope X Florence) (breeding number 9.81.45.12). By the use of 
sieves and by hand picking, two classes of seed grain were prepared, 
one averaging 26.6 mg. and the other 40 mg. per kenicl. The experi- 
ment was planned to allow comparisons between rates of seeding 
diflFering (1) in number of kernels, with equal seed weights per unit 
area, and (2) in weight of kernels, with equal numbers of seeds per 
unit area. The lowest rate of seeding was 11.1 pounds per acre of 
lightweight seed. As all plantings were made in 8-foot rows, this 
rate was equal to 0.93 gm. per row of 35 kernels. The next rate 
was about 50 percent higher, or 54 kernels weighing 1.44 gm. per 
row, and was essentially the same as the lowest rate for wheat weigh- 
ing 40. mg. per kernel. The rate of seeding of both (‘lasses of wheat 
was stepped up 50 percent for each increment until 10 rates of seed- 
ing were provided for each class. An exception was made between 
the rates of 406 and 610 kernels per row by the introduction of a rate 
of 508 kernels, a 25-percent increase in the rate of seeding. Se(* 
table 1 . 

Table 1. — Weight of seed grain planted when heavyweight and lightweight kernels 
were usedj mature heads developed per kernel planted^ and yields per acre secured 
when equal numbers of kernels were planted per unit area, using 2 classes of seed 
grain weighing 26.6 mg. and J^O mg. per kernel. 


[Differences are shown in weight of grain soccieff pr acre, the nuniiier of mature heads per kernel planted, 

and the yield in bushels iK‘r acre) 


Item 

Data when indicated number of kernels were iilanted jicr row 

A ver- 












age 


35 

54 

80 

120 

180 

270 

406 

508 

610 

916 


Lightweight seed planted per 












acre. . pounds.. 

11.1 

17.2 

25. 5 

38.3 

67.5 

86.2 

130 

162 

195 

292 


Heads per kernel number 

3.11 

2. 71 

2.17 

1.59 

1.26 

.98 

.86 

.84 

.82 

.75 

1,51 

Yield, fwr acre. .bushels 

a 88 

12.96 

15.55 

14. 65 

15.13 

16. 25 

15. 43 

15. 85 

15.25 

11.44 

14.24 

Heavyweight seed planted per 












acre. pounds.. 

17.2 

25. 5 

38.3 

57.6 

86.2 

130 

195 

244 

292 

439 


Heads per kernel number.. 

3. 33 

2.80 

2.23 

1.84 

1.26 

1.02 

.91 

.88 

.83 

.76 

1.59 

Yield, per acre bushels.. 

12. 13 

14.08 

16.08 

17.28 

17.83 

17.90 

17.65 

18. 70 

16.28 

12.45 

16. 00 

Difference; 












In weight of grain seeded 












pounds.. 

0.1 

8,3 

12.8 

19.2 

28.7 

44.0 

65.0 

82.0 

97.0 

147.0 


In heads per kernel planted 












.mini her.. 

.22 

.09 

.00 

.25 

0 

.04 

.08 

.04 

.01 

.01 

.08 

In yield per acre. -.bushels.. 

2 25 

1.73 

.63 

2.63 

2.70 

1.65 

2.22 

2.85 

0.03 

1.01 

1.76 


Provision was thus made for 10 comparisons of results obtained 
from equal numbers of kernels per row and for 8 comparisons from 
equal weights of seed grain per row. Each planting was repeated 
4 times, thus making 80 rows in the experiment proper, and these 
were randomized in 4 blocks. Each yield row was provided with a 
pair of guard rows seeded with a drill at the usual rate of 75 pounds 
per acre. A stand count taken 25 days after seeding showed that 98 
percent of the seed had developed plants with essentially no difference 
m averse stand from the 2 weights of seed or from the different rates 
of seeding. 
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SEASONAL CONDITIONS 

Weather conditions during the growing season as a whole, and 
especially during July, were by far the worst on record. The excess 
daily temperature above normal from Alay through July averaged 
7° F., while the daily excess for July was nearly 12^. The rainfall 
for the 3 months was 21 percent of normal, and for July it was at the 
record low of 13 percent of normal. 

EXPERIMENTAL RESULTS 

Table 1 shows the rates of planting, the heads produced per kernel 
planted, and the yields for the 10 comparisons. Three sets of differ- 
ences are also shown. Kernels planted per row were the same for the 
2 weights of seed. 

In all cases the heavy kernels gave yields larger than the light ker- 
nels when the results obtained from seeding equal numbers are com- 
pared. The average difference in yield of 1.76 bushels is very signifi- 
cant indeed. It is not evident that the continually greater quantities 
of seed used per acre had any corresponding coffee t on differences in 
yield. In all cases the weight of the heavy seed planted was approxi- 
mately 50 percent greater tlian that of the light seed. The heads 
produced per kernel planted arc slightly greater for the heavy-kernel 
seeding; and, while the average difference is but 0.08 head per kernel, 
this difference is significant with odds of 60 to 1. The significance of 
these difference's is calculated from a total of 79° of freedom with 57 
for error. 

It is (|uite evident from table 1 that yields maintain themselves 
with various rates of seeding to about 200 pounds per acrcL Indeed, 
with the 40-mg. s(e)d the maximum yield resulted from 244 pounds of 
seed per acre, which is about, three and one-fourth times the quantity 
usually used in farm practice. One might have presumed that sucli 
heavy seeding under the adverse weather conditions that obtained 
would be inimical to good yields, in comjiarison with lower rates; but 
it evidently was not. 

The comparison of the results obtained from equal weights of seed 
grain per acre, the number of kernels differing for each weight class, 
is shown in table 2. 

Table 2 . — Number of heavyweight atid of lightweight kernels plantedy mature heads 

developed per kernel planted^ and yieUh per acre secured when equal weights of seed 

grain weighing 26,6 mg, and J^O mg. per kernel are planted per unit area 

1 Dill’erences are shown of weight of grain seeded iwr acre, the number of mature heads ]ier kernel planted 

and the yield in bushels i)er acre] 


Data w'heu indicated <juantity of seed w as planted jhu acre 


Item 

17.2 

26.6 

38.3 

67.5 

86.2 

130 

195 

292 

A ver* 
age 


pounds 

lH)unds 

|M)Ullds 

pouinis 

pounds 

pounds 

pounds 

pounds 


Kernels of lightweight seed 
planted per row. .number. 

54 

m 

120 

180 

270 

406 

610 

916 


Heads per kernel <lo 

2.71 

2.17 

1.59 

1.26 

0. 98 

0.86 

0. 82 

0. 75 

1 . 39 

Yield, i>er acre bushels 

12. 96 

16. 55 

14. 65 

15. 13 

16. 26 

15. 43 

15. 25 

11.43 

14.58 

Keniels of heavyweight seed 






i 

406 

610 


planted per row. .number.. 

36 

54 

80 

12)1 

180 

270 1 


Heads per kernel do... 

3. 33 

2.81) 

2.23 

1.84 

1.26 1 

1.02 

0. 94 

0.83 

1.78 

Yield, I3er acre bushels. 

12.13 

14. 68 

16.08 

17. 28 

I7.8;i 

17.90 

17.65 

15. 28 

16. 10 

Difference: 

In kernels planted per 







-204 

-3(K’) 


row. .number.. 

-19 

-26 

-40 

-60 

-90 

-136 


In heads per kernel 






0. 16 

0. 11 

0.08 


planted do 

0. 62 

0. 63 

0. 64 

0.58 

0.28 

0.39 

In yield, per acre 










bushels . 

-0. 82 

-0.87 

1.43 

2. 16 

1.68 

2.47 

1 ?. 40 

3. 85 

1.52 
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On this basis only eight comparisons are possible. Because equal 
weights of light and heavy seed were planted, some of the rows of 
lightweight seed planted at the lower rates may have had an advantage 
in that more kernels were planted per row. On the other hand, for 
those rows receiving the heavier seeding the greater number of kernels 
may have resulted in disadvantage due to overcrowding of plants. 
That overcrowding actually occurred is indicated by the yimd dif- 
ferences. With a seeding rate of 17.2 pounds per acre a heavier 
yield is obtained from the lightweight kernels, whereas the contrary 
]S true when the rate of seeding is 292 pounds per acre. The not 
gain in yield with the heavier w'eight of seeding is 4. 7 ±1.2 ^ bushels 
per acre. In a similar comparison, when the rates of 25.5 and 195 
pounds per acre are considered, the net gain in yield with the heavier 
weight of seeding is 3.3 ±1.5 bushels per acre. This greater yield 
from heavy kernels was in evidence and of significance in the three 
sets of rows planted at rates comparable with field rates, that is, from 
38 to 86 pounds per acre, with an average excess of 1.7 ±0.6 bushels. 
In these rows seeded at rates comparable with usual field rates, the 
number of lightweight kernels planted per row was not excessive, and 
crowding to the detriment of the seedlings and more mature plants 
could hardly have occurred more than easily may occur in the field. 
Th(i number of heads produced per kernel planted from the larger, 
and more thinly plant(Ml, kernels was greater by an averages of 0.39 
when comparisons are made btdweeui results oi)tained from equal 
weights of seed planted j)er row. This dilference is very significant. 

The size of the kernels harvested is of interest in view of the sevens 
seasonal conditions. The results, comparing tluj row’s in wdiich equal 
numbers of kernels w^ere planted are shown in table 3. 


Table 3. — Weight of kerneU harvested ^rom 2 sets of plantings Jrom seed of light- 
weight and of heavyweight kernels^ with comparisons between rows planted with 
equal numbers of kernels 


Item 

Data where indicated number of kernels were planted per row 

A ver- 

35 

54 

80 

120 

i 

180 

270 

4(K) 

508 

610 

916 

age 

Weight of harvested kernels 
from- 

26.6-mg. kernels 

40.0-mg. kernels 

Mg. 

23.7 

25.1 

Mg. 

24.0 

24.0 

Mg. 

2.5.4 

2,5.8 

Mg. 

24.6 

27.1 

Mg. 
24. 1 
27.6 

Mg. 
25. 3 
26.2 

Mg. 
2.3. 8 
25.4 


Mg. 

24.4 

23.7 

Mg. 

21.4 

23.4 

Mg. 

24.1 

25.4 

Difference 

1.4 

.9 

.4 

2.5 

3.5 

.9 

1.6 

0 

.7 

2.0 

1.3 


The mean difference in kernel weight from the two crops is 1.3 
mg. in favor of the heavy-kerneled plants. The analysis of variance 
indicates that this is distinctly significant. The difference in kernel 
weight when a similar comparison is made between equal weights 
of seed grain planted per row is 1.6 mg., which is likewise significant. 

Mallach® did not find consistent differences in the kernel weight 
of grain in plants grown from heavyweight and lighweight seed. 
He cited two workers who had secured similar results. In the work 
herein reported the crop secured from the seed planted with heavy 
keihels had very significantly heavier kernels. 

< standard errors are based on the analysis o/ variance. 

» M AtLACH, Josef. See footnote 2. 



April 15, 1941 


Analynis oj Yield oj Hard Red Spring Wheat 


449 


One explanation for the fact that the heavy-kerneled seed resulted 
in a crop with heavier kernels might be that the seed used was not 
homozygous with respect to seed weight and that a genetic separation 
had been made automatically in separating for kernel size preparatory 
to seeding. The possibility of this having occurred seems rather 
remote. Another explanation is possible. In 1934 certain sister 
selections of the wheat used in tliis experiment were grown in a yield 
trial, and it was found that kernel weight increased with yield with a 
regression coefficient of 0.86, which was significant. If the proper 
regression formula were used in tliis case, the change in kernel weight 
corresponding to the above changes in yield would be 1.5 mg. This 
difference agrees very well with those shown in table 3. It seems 
likely, then, that the difference in kernel weight of the crop is to be 
associated with differences in yield. 

DISCUSSION 

The data presented show distinct differences in yield in the wheat 
crop giown from heavyweight and from lightweight kernels. Tliis 
result was obtained when the same weights of sccmI grain and also 
when the same number of sc^eds was planted per unit ar(^a. In the 
first instance the yield per acre was 10 percent greater from the seed 
of tlie heavy kernels and in the other it was 12 percent gr(‘ater. 

The results secured by Kiesselbach and Helm,*^ already mentioiuMl, 
are very similar as regards spring wheat to those ri^ported here. Yields 
of spring wheat reported l)y them were relatively low and were even 
less than those secuied at Fargo in 1936 wdien tlie weather (*onditioiis 
were so very adverse. Their results fi‘om the use of largi^ and small 
kernels of wint(*r wdieat w^ere less striking. As an average for 4 years 
th(5 advantage in yield from the larger kernels was only 5 ])(‘rcent writh 
an average of about 35 bushels per acre. Thus, w’ ith bett(ir conditions, 
shown by larger yields, the heavy kernels showed less advantage. 
Mallach ^ states tliat favorable environmental conditions tend to 
eliminate differences in plant growdh from seeds of different weight. 
This seems to have held wdth spring and winter wheat in Nebraska. 
In the Fargo experiment, with tw^o lots of seed taken from a presum- 
ably pure line, it w^as possible to ol)tain the rather extreme kernel 
weights of 26.6 and 40 mg. This disparity in w^eight of seed kernels 
in the experiment herein reported is doubtless much greatt^r than 
could be obtained on the farm by seed-cleaning machinery with a 
single lot of grain. 

WHEAT GROWN FROM SEED MATURING IN THE GREENHOUSE 

AND IN THE OPEN 

In the writer^s experience, wheat that has matured in the green- 
house under favorable conditions produces a crop wdth kernels larger 
and of finer appearance than wheat that has matured in the open. 
The question is, how does a crop produced from greenhouse seed 
differ from one produced from ordinary seed? 

« Kiesselbach, T. A. and Helm, C. A. See footnote 3. 

7 Mallach, Josef. See footnote 2. 



450 


Journal of Agricultural Research 


Vol. 02, No. 8 


MATERIAL AND METHODS USED 

In ilio fall of 1937 families of wheat weJ*o available from different 
crosses made in diflxn*eiit years. In each of these famffies a group of 
hybrid selections was available for experimental use. Seed of a num- 
ber of these selections within a number of families was planted in the 
greenhouse. For each group planted in the greenhouse seed of sib 
selections was held in reserve for planting the following spring. There 
we^re 16 hybrid families all told, with 8 hybrid selections of each grown 
in the greenhouse and seed of 8 sibs held in reserve. In the spring of 
1938 16 hybrid selections were thus available for planting from each 
of the 16 hybrid families. The 2 lots of 8 in each family were presum- 
ably of esstintially equal genetic value. One lot in each case had been 
grown an additional generation. The seed which had been held in 
reserve from 1937 will be designated outside seed. Seed from the 
plants grown under glass during the winter of 1937-38 will be known 
as greenhouse seed. Ceres and Thatcher varieties were included as 
checks, making 18 groups in all. The 16 hybrid families and the 2 
varieties will be called families for convenience. 

The various hybrid families are found in table 4, with their breeding 
and their genetic age. 


TABiiE 4 . — List of wheat hybrids used in an experiment with seed matured out of 
doors compared with seed matured, in the greenhouse 


No. 

Hybrid 

Orifrin 

( leiHTU- 
lioti 

1 

3.2.3.30 



2 

:i 

3.2.3.33 

3.2.3.04 . . . 

iK.L.025 X CUIF 2754 

F.;, F:. 

4 

3.2.3.07, 

1 


3.2.3.85 

] 


0 

5.7 

.VTmniry X (H-44 X Ceros) - 

Vu F:,. 

7 

0.19.7 . . 

Menniry X (Mercury X H-44 Ceres) . . 

F,», F4. 

8 

0.19.7.29 

Mercury X (Mercury X H-^4 Ceres) X (025 X2754) 

Fa, F;i. 

9 

5.9 

.Mercury X (Relianw* X Hope) 

F4. F.V 

10 

0.19.9 . . 

Mercury X (Mercury X Reliance-Hoiw^) 

Fa. F,. 

11 

6.19.9.29 

Mercury X (Mercury X Reliance-Hoi)e) X (025 X 2754) 

Mercury X (Mercury X (Comet X (Hard Federation X Hussar))) 

Fa, Fa. 

12 

6.19.0 

Fa, Ft. 

13 

0.19.6.29.., 

Mercury X (Mercury X (Comet X (Hard Federation X Hu.ssar))) X 

Fs. Fa. 



(025 X 2754). 


14 

0.19.0 . 

Mercury X (Mercury X (Hope X Marquis) . 

Fa, F 4 . 

15 

0.19.0.29 

Mercury X (Mercury X (Hoik* x Marfjuis) X (025 X 2754) j 

Fa, Fa. 

10 

0.18 11.29 . 

(Reliance X Reward) X (025 X 27.54) . . 

Fa. Fa. 


The maturing of la^er kernels from wheat grown is the greenhouse 
under favorable conditions is probably due mainly to cooler tempera- 
tures and controlled heat. In half of the greenhouse, where the plants 
were grown in 6-inch pots, three to the pot, the temperature was 
allowed to run higher, and as a result the seed was smaller and quite 
comparable to seed produced in the open. Ceres and Thatcher were 
grown in the greenhouse to furnish seed for the experiment, but as 
these plants were also subject to temperatures above the optimum no 
marked excess in size over the outside seed was in evidence. This was 
also true for five of the hybrid families grown in pots. As a result, 
the kernel weight of the greeiAouse seed was in a few cases less than 
that of the comparable outside seed, and in one instance decidedly 
so. The ^stribution of excess kernel weight of the seed from plants 
maturing in the greenhouse over the corresponding outside seed is as 
follows, expressed as milligrams per kernel. 
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Excess of seed weight: 

-3 

-2 to +l 

2 to 5 

6 to 9 . . f} 

10 to 13- . 4 

+ 14 2 

III the three groups with excess kernel weights centering at 3.5, 7.5, 
and 11.5 mg. the greenhouse seed show’^cd excess weights of 17, 24, and 
36 percent, respectively. Thus in most cases there was a rather pro- 
nounced difference in weiglit between the two classes of seeds. 

The seeds were space-planted 2 inches apart in unguarded rows 8 
feet long and 12 inches apart. The seed, previously taped in the 
laboratory by the device invented and constructed by Glenn Smith,** 
was planted in tape form with a Columbia drill, modified by Smith for 
the purpose. This method greatly facilitated space planting. The 
36 planting units each had 8 subunits, as indicated above. The set- 
up of the experiment was a 6 by 6 sc[uare lattice, following the plan 
of Yates,® with 4 sets of Y and 4 of V blocks. The outside seed of 
3.2.3.30, for example, consisted of 8 selection units, 7, 8, 10, 11 , 16, 22, 
34 , and 41 , of which 4 were in A' blocks and 4 in Y blocks. 

Seedling counts were taken May 10, when the stand was found to lie 
96.4 percent of the seeds planted. The stand from the greenhouse 
seed was 0.2 percent greater than that from the outside seed, a differ- 
ence which lac'ked signifi('ance. Plants from the greenhouse seed 
headed 0.2 of a day earlier than those from the outside seed, a difler- 
ence which was just significant. 

The plants were fiulled at harvesttime, the two end plants of each 
row discarded, and the remaining plants wraf)ped in a bundle and laid 
away until a study could be made. At that time the plants and tlu' 
fertile culms were counted, and a random sample of 50 heads were 
taken, omitting any heads obviously defective. Notes were also taken 
as to disease present. (Rust notes had been taken previous to harvest. ) 
Occasional plants killed by root rot were discarded. In general, rust 
was of little moment as most of the wheats were resistant. Kxce|)tions 
were Thatcher, a t tacked by leaf rust, and Ceres and the hybrid 6.18- 
11.29, attacked by stem rust. The bundles were threshed in a small 
machine which allowed all seed to be saved. The 50-head samples 
were weighed and counts were made of total spikelets, fertile spikelets, 
sterile spikelets, and three-kerneled spikelets. The wheat from the 50 
heads was weighed, the kernel weight was taken, and an estimate 
of kernels per head was made. The above work was done for each of 
the 288 bundles. 

In calculating bushels per acre the rows were estimated at full 
stands of 48 plants per 8 feet. The occasional missing plants had little 
influence upon yield as the correlation coefficient calculated between 
plants per row and yield was found to be 0.14. Omitting Ceres and 
Thatcher, the varieties having the fewest plants per row, the coefficient 
was —0.04. If differences in stand had influenced yield per plant in 
such a way that fewer plants per unit area had developed larger 
individual yields then a significant negative correlation coefficient 
would have been expected. 

* Smith, Glknn S. gummed-paper tape for .spArK-pi.ANTi.vo wheat. Amrr. Soc. Apron. Jour. 30: 
348-352, illus. 1938. 

• Yates, F. a new method of arranging variety trials involving a large nompeb of varieties 
J our. Agr. Sci, [EuglRUd) 26: {4241-466, 1930, 
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EXPERIMENTAL RESULTS 

Effect of Kernel Size Upon Yield and Other Characters 

The average yield for the entire experiment was 42.7 bushels per 
acre, with a standard error for a single yield of 12.9 percent of this 
mean, using 8-foot rows. The eflFect of excess size of seed upon the 
yield was calculated from a comparison of the 2 sets of yields. If all 
yields are brought into the comparison, some are included which 
were secured from parent greenhouse seed with a kernel weight equal 
to or less than the kernel weight of the outside seed, as explained 
previously. Also, with the C^res variety the crop was seriously 
affected with stem rust, which mi^ht easily nullify any parental effect 
of size of seed. In making the yield comparisons the square lattice 
lay-out was treated as an arrangement of ordinary randomized blocks 
or replications. When all the 288 samples are used in the analysis of 
variance, the yields from the seed maturing in the greenhouse and 
that maturing outside were 43.2 and 42.1 bushels, respectively. The 
difference required for significance is 1 .4 bushel. With the omission of 
the Ceres variety and the 5 additional families, including Thatcher, 
the parent greenhouse kernels of which weighed less than, or essentially 
the same as, those of the outside seed, another calculation was carried 
through. The family 6.18-11 .29 was retained, as it had suffered only 
moderate rust injury. The number of samples used w as 192. The five 
families were omitted to allow a comparison between plants grown 
from seed clearly separated as to kernel size, grown in the greenhouse 
and out of doors. In this comparison seed from the greenhouse 
plants weighed 9.7 mg., or 31 percent, more per kernel than did that 
grown outside. The two yields, from the greenhouse and from the out- 
side seed, are 4*5.33 and 43.36 bushels per acre, respectively, with a 
significant difference in yield of 1.97 ±0.86 bushels. 

The correlation existing betw^een the excess kernel weight of the 
greenhouse over the outside seed and the corresponding excess of 
yield was calculated, omitting the six families indicated above. The 
r value was found to be 0.08, which is not significant. 

The means of various other characters calculated for the two parts 
of the experiment are to be found in table 5 along with differences and 
the differe,nce necessary for significance. 

Table 5. — Means of various characters calculated from 2 lots of ivheatj planted 
from seed grown in the greenhouse and from seed grown out of doors^ with differences 
and with differences necessary for significance 


[96 pairs of parents are compared] 


Character 

Greenhouse 

Nursery 

DifToronce 

Difference 
necessary for 
signiflcanoe 

stand of seedlinR plant 

numlier. „ 

46.6 

46.2 

0.3 

-f0,6 

Time of heading in June 

date. . 

23.7 

24.1 

-.4 

.3 

Plants per row . . 

number .. 

44.1 

43.8 

.3 

.7 

Heads per plant _ 

do 

6.0 

4.0 

. 1 

.2 

Fertile spikelcts per head 

do 

12.8 

12.7 

.1 

.1 

Sterile spikelcts per head 

do 

2.3 

2.3 

.0 

.1 

Kernels per head 

do 

27.0 

26.4 

.6 

.7 

Splkelets with third kernel 

do 

2.6 

2.3 

.3 

.3 

welght of seed in 60 heads 

grams.. 

46.6 

46,9 

.7 

1,7 

Weight of kernels 

milligrams. - 

35.4 

36.7 

-.3 

.7 

Weight per bushel 

...pounds.. 

68.2 

68.2 

.0 

.3 

Weight of straws 

...grams.. 

4.3 

4.1 

.2 

.1 

Yield pericre 

bushels 

46.3 

43.4 

1.9 

1.8 
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Two of the differences just reach the threshold of significance, wliile 
three are really significant. The difference in yield is indicated by 
odds of 47:1 ; the difference in date of heading has odds of 370:1 ; while 
for the weight of straw the difference has odds of 730:1. 

A Study of the Hybrid Groups 

In order to study the 18 families — the 10 hybrid families and the 2 
varieties — the paired means of the various characters studied were 
combined. In table 6 these families are shown with their character 
means, their various rankings, the values of the significant differences, 
and their placements as to rank. 

In the study discussed above the 144 pairs of selections were 
treated as a general population. With such diverse breeding as is 
indicated in table 1 it seems obvious that the families may properly 
be considtue.d as units to be compared wdth one another. 

The tbr(‘e wheats attacked by rust sliow rcdatively low yields. 
The low yield of Thatcher is less (‘asily understood than that of 
(Jeres and the hybrid family G. 18-1 1.29, even with Tliatcher’s inci- 
dtiiic-e of leaf rust; and a discussion of its behavior will lie considered 
later. 

(calculation of Yields 

If the stand, tlu^ heads per plant, tlu' kiu'ntds per head, and the 
weight per kernel are available, the yield per acre can be estimated. 
When tliis was done, using the data in table 0, the differences in vields 
obtained from threshing the crop and those derived by calculation 
averaged but 0.3 ±0.14 bushel. An average change of kernel weight 
of less than 0.1 percent would have resulted in essimtially no difierence 
between the two sets of yields. This close approximation is not sur- 
prising as the heads per plant and kernels per lunid were estimated 
from the results of the entire row. The weight per kernel was esti- 
mat(Hl from the sample from 50 heads. 

Correlation and Regression Studies 

Correlation coefficients were calculated, using the characters of 
yield, fertile heads per plants, kernels per htuid, and weight per kernel. 
This was done wdieii the total of 288 units w as used and also when the 
3 low-yielding wheats, Thatcher, Ceres, and 6.18-11.29, were omitted, 
in which case there w^ere 240 units used. These 3 wheats were all 
injured by rust. The kernel size of Thatcher w^as quite certainly re- 
duced by leaf rust, and stem rust sliriveled the kernels of the other 2. 
Partial coefficients were calculated in addition to the simph* ones. 
The coefficients are given in table 7. 


820320—41 2 




Table 6. Means of the indicated characters obtained from seed matured in the greenhouse and in the open^ grown in series 481 in 1938 
['The hybrid selections from greenhouse and outside seed are here averaged to form the 18 family units] 
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Table 7. — Simple and partial correlation coefficienta of 16 hybrid families of wheat 
and also these pins Thatcher, Ceres, and 6.18-11.29 


Charatd-ers 
involved » 

Correlation (joeflieient for— 

Characters 
involved * 

Correlation coclTieient for- - 

15 families 

15 families i)lus 
Thatcher, Ceres, 
and 6.18-11.29 

15 families 

15 families plus 
’’I'liatcher, Ores, 
and 6.18-11.29 

12 

0. 67 

0. 35 

i;4.4 

0. 65 

0. 57 

13. 

.50 

.m 

14.2 

.:46 

.81 

14 - 

.OK 

. 65 

14.3 

.26 

. 74 

23 

,07 

. 06 

12.34 .. 

.86 

.83 

24 

— . 27 

-. 25 

13.24 . 

1 . 80 

. 76 

;44 

-.28 

12 

14.2:4 

. 70 

.92 

12.3 , 

. 74 

.35 

2 : 1.4 

j -.01 

.04 

12.4 

.72 

.70 

24.3 . 

-. 26 

-.25 

13.2 

.62 

.:i6 : 

:i4.2 

i -.27 

1 

10 


* (\k1o: I, Yield; 2, heads per plant; 3, kernels per head; 4, weight p('r kernel. 


Anv coefneient in tablo 7 with a value of 0.25 or more is higlily 
sigriilicant. Th(» varieties Thatehor and C'tu’t's have normally smaller 
k(*rnel weights than components of tlie hybrid families. The kernel 
weights of these two varieties, and also of 6.18-11.29, were reduced 
from their normal by leaf rust or stem rust and yields were thus 
lowered. Because of Ibis the correlation between yield and kernel 
weight for the 18 groups is decidedly higher than wlavn these tliret* 
units are omitted — the value of 0.65 compared with 0.08. The 
contrary is the case in the two correlations of yield and htaids per plant 
for the Ceres and Thatcher varieties carried more h(‘ads per ])lant 
than th(> average. Also, the range in kernel weight is narrowed to 
about 4.1 mg., the maximum weight lying at 12 percent above the low 
value of 34.2 mg. 

The correlation between heads per plant and weight of kernel is 
negative, —0.27, and highly significant. Tlic values are essentially the 
same when Thatcher and Ceres are included. Removing Thatcher, 
Ceres, and 6.18“'11.29, with their lightweight kernels, did not modify 
the correlation. This was evidently due in part to the fact that these 
wheats average high in heads per plant. The values are unchangcHl 
when kernels per head are held constant. Tlie three' characters 
primarily affecting yield do not have positive correlation with each 
other. Apparently it is by reason of this that the partial correlation 
coefficients between yield and the other characters takcj on such high 
values. 

In the partial correlations calculated from the 15 families, those in 
which yield is correlated with heads per plant are larger than the 
other coefficients. It will be shown later in the discussion of partial 
regression coefficients that this relation was the most effective. A 
change of a unit in number of stools obviously affects the weight of 
grain per plant more than does a unit change in weight of kernel. 

In the work by Bridgford and Hayes, correlations similar to those 
considered here are given and a comparison will be of interest. Their 
terminology is modified to correspond to the writer’s notation. Heads 
per row was used instead of heads per plant but the two characters 
probably correspond very well. In addition, Bridgford and Hayes 
used the three characters of plumpness (5), date of heading (7), and 

>0 Bkidgfurd, R. O., and^HAYES, H. K. correlation of factors affecting yield in hard red spring 
WHEAT. Jour. Amcr. Soc. Agron. 23: 106-117. 1931, 
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height of plant (8) in their calculations. These characters were not 
used in the work herein reported. The number of pairs used by 
Bridgford and Hayes in their correlation work was 61. The more 
interesting comparisons and values are shown in table 8. 

Table 8. — A comparison of partial correlation coefficients secured at Fargo^ N. Dak., 
and by Bridgjord and Hayes at Morris^ Minn. 


i 

CbamcbTH iuvolvocl ' 

Values of 
Bridgford 
and Mayes 2 

Values ill the present 
study biusiKl on — 

15 families 

18 families 

12.34 , . ... 

0. 02 

0. 86 

0. 8;i 

13.24 - ... 

.58 

.80 

.70 

J4.23 

.50 

.70 

.92 

12.34578 

.02 



12.578 . . 

! .04 



13.24578 1 

t .09 



13.578 

- . 14 



14.23678. - 

i . 22 



14.578 - 

1 . 2:1 








I Code: 1, Yield; 2, heads per row (or per phmt); 3, kernels per head; 4, weight of kernel; 5, height of plant; 
7, plumpness of kernel; 8, date of heading, 

» These coeflicients, except those of the fifth order, were (udculated by the author from the 7,<To-order co- 
efficients of the original paper. 


The coefficients from Bridgford and Hayes which can be compared 
with those of the present study, with two characters held constant, are 
uniformly lower. This may perhaps be attributed in part to the pre- 
sumable lack of c.omplete unifonnity of stand in the Minnesota work 
with ^raiii seeded thickly in rows. Compensations could not be made 
for differences in germination, for instance, which would likely be 
found froih row to row when space-planting was not used. As has 
already been pointed out, the three characters, heads per plant, kernels 
per spike, and weight per kernel, are responsible for yield per plant; 
therefore, yield per unit area can be calculated when stand of plantis is 
known. These three characters may be considered primary in de- 
termining yield while other characters are secondary in influence. 
Some other character may modify yield, such as date of heading, but 
only because one of the three primary characters mentioned is affected. 
The three coefficients from Bridgford and Hayes with five characters 
held constant are significantly lower than the corresponding coefficients 
with two of the primary yield characters held constant; for example, 
0.02 is to be compared with 0.62. The mean of the coefficients when 
only the primary yield factors are concerned is 0.59 and only 0.11 
when five factors are held constant. The correlation coefficient is 
calculated for yield and a factor primarily affecting yield while three 
factors secondarily affecting yield are held constant. This coefficient 
is then compared with one obtained when two factors primarily affect- 
ing yield are interposed into the group of three just indicated. The 
effect of this interposition is essentially nil. With the tliree secondary 
factors omitted from the group of five, the coefficient becomes highly 
significant. 

Partial regression equations were calculated, two factors being held 
constant in each of the three cases. The regression coefficients and 
^ther values are shown in table 9. 
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Table 9. — Partial regression equations of yield on heads per plants kernels per head, 
and weight per kernel, using 288 pairs oj values with 18 families of wheat and 24 O 
pairs with 15 families 

[2 characters are held constant in each instance. Maximum and minhuum yields and ranges are given cor- 
responding to the extremes of the independent variables. All coefficients are highly significant.] 







Difference in — 

Basis of (H)inpariKon an<l 
niimbor of i)airs 

Kegression of yield 


A" 

5 

Heads per 
plant, ker- 
nels, or ker- 

Bushels 






nel weight 


IToads per plant: 


{ 

4 4 

41.1 
50. 7 

s Number 


240 

1'^ 7.48x2+8.38 

5. 7 

} 1.3 

9.0 

288 

r= 7.08/2+7.20 

{ 

4.4 

5.7 

38.4 

47.0 

} .3 

9.2 

Kernels per head: 


{ 

26. 3 
28.3 

43. 3 
48.2 

} 


240 . . . - . 

V- 1.02/3+2.36, 

4.9 

288 

1.68/3+0.80 

{ 

26. 3 

40.8 
45. 5 

} 3.0 

4.7 



28. 3 

Weight per kernel: 

1.1 7/4 +3.20 

{ 

34.2 

38.3 

43.3 
48. 1 

, AliUigrarns 
} 


240 . . - - 

4.8 


288 - 

y= 1.18/4+2.82 

{ 

17.2 

38.3 

23. 1 
48.0 

} 3 ... 

24.9 



Lik(' the co(‘fFicieiits of correlation shown in table 7, the regression 
coefficients with two cliaracters held constant show no marked differ- 
ences when comparisons are made lietw^een the 2 sets of families*. 
Ceres and Thatcher and the family 6.18-1 1 .29, all injured by rusts, 
wert^ included in tlu' 18-family group. The regression of yield on 
heads per plant is 7.43 bushels for the 15 families and this is signifi- 
cantly larger than the corrt^sponding coefficient of 5.46 bushels. It is 
evident that an increment of 1 luaid ptu* plant would modify the yield 
more than an incr(*ment of 1 mg. in k(u*nel weight, and this fact is 
(wpressed in the relative size of the coefficients. It is obvious that 
the marked regression in yield on kernel weight in the one instance', is 
due to the low kernel wxnght of Ceres, Thatclier, and 6.18-11.29. 
The predicted increase of 24.9 bushels would have l)een h'ss with a 
normal development of the Thatcher kernel, but it likely would have 
remained of considerable moment. 

From various estimates it was thought that the Thatcher yields in 
otlier experiments in 1938 at the North Dakota Agricultural Experi- 
ment Station and elsewhere were not cut much more than 25 percent 
by leaf rust; but, if this was true in the present experiment, the proper 
yield of Thatcher would have been between 37 and 38 bushels, whicdi 
is still significantly below that of the better yielding wheats. It is 
doubtful whether leaf rust lessened the number of kerru'ls per head, 
as there were five families not affected appreciably by leaf rust that 
had fewer kernels per head tlian Thatcher. 

The weight of kernel of Thatcher has been obtained in 71 experi- 
ments from 1937 to 1939 at various points in North Dakota. In 5 of 
these the kernel weight was as high as 28 mg. and averaged 28.7 mg., 
the same as the kernel weight of 6.18—11.29. If the Thatcher kernel 
in the present experiment had had this weight, the yield would have 
been estimated at 39.7 bushels per acre, which is n.2 bushels per acre 
below the average of the 3 highest yielding families. As the number 
of kernels per head for Thatcher is but 0.8 below the average of the 
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3 highest wheats, this factor does not explain the low yield for the 
variety. 

As the difference between the top-yielding families and Thatcher 
seems to be greater than might be expected under field conditions, 
even with the modification suggested, the stand of plants may be 
considered as being below the level necessary for an optimum yield 
for the variety. If the Thatcher yield were to be readjusted to equal 
the maximum yields, its stand would be increased by nearly 30 per- 
cent to result in about 62 plants per row instead of the 48 used. If 
such an increase in stand were to result in a direct increase in yield, 
the plants could not suffer anv decrease in heads per plant, although 
such a decrease would certainly arise if the stand increase were to be 
continued. The question arises, if the stand of Thatcher had been 
such as to produce its maximum yield, assuming its yield was not 
maximum, would the yields of the 3 top families have been aug- 
mented through a corresponding increase in their rate of seeding? 
Do the families with the high yields shown in table 6 repj*esent tlie 
absolute maxima for the environment of 1938? They probably do 
not, and it remains a moot point whether the relatively low average 
yield of Tliatcher in this experiment, brought about in part, as we 
have seem, by low kernel weight, could have been made equal to the 
high yields of some of tlie families by a sufficiently thicker planting. 

The multiple-regression e(]uation of estimate was calculated. 
For the 240 j)airs this is- 

F -7.43 heads per plant + 1.62 kernels per liead +1.17 kernel 
weight— 76.8. 

If one supplies the minimum and maximum family means, the extiemos 
in yield become 36,9 and 56.2 bushels per acre. The smaller yield is 
bul 2.6 bushels below the mean yield of family 6.19.0.29, while 
the larger yield is 4.4 bushels above the mean of the higli-yielding 
family 3.2.3.85. 

DISCUSSION 

In the first experiment, carried out in 1936, it was shown that 
yields were increased by 10 or 12 ])ercent when seed of heavy kernel 
weight was used in comparison with those from lightweiglit "kernels. 
In the experiment of 1938 the heavy-kerneled seed resulted in an 
increased yield of but 4.5 percent, which was a simificant value. In 
the first experiment the heavy kernels outweighed the lighter kernels 
by 50 percent and in the second by 31 percent. The greater percent- 
age difference in yield in the first experiment must have been due in 
part to the greater disparity in size of seed. But it is possible that 
the severity of the season of 1936 might have played some part in 
emphasizing the lower yields from the lighter kernels. However the 
differences in the two experiments are rather small and must be con- 
sidered in connection with their standard errors. Such small differ- 
ences partake of significance only when many replications enter into 
the means. It is interesting that in the experiment of 1938 the 
measurement of two characters taken early, completeness of stand 
and earliness of heading, showed smaller differences in respect to the 
standard error than did the yield. One might expect the contrary 
to hold, under ordinary weather conditions; ana Mallach cites 

“ Mallach, Josef. See footuote 2. 
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several workers who reported that plants grown comparably from 
heavy and from light seeds and showing measurable differences in 
size when young tended to lose this difference as they approached 
maturity. 

In the experiment of 1938 the selections within a family or variety 
were combined to allow a study of yield as modified by characters of 
the plant. While size of kernel used in planting had at best only a 
minor effect upon yield, kernel size of the harvested plant did have 
a very significant influence. The two varieties Ceres and Thatcher 
and a hybrid family had relatively low yields because of small kernels. 
The kernels of Ceres and Thatcher are normally of lighter weight 
than those of the hybrid families, and rust attacks increased the 
normal disparitv in weight. It was shown that even if the Thatcher 
variety had had a kernel weight of 28 mg. which is relatively high for 
that variety, the resulting yield would have been equivalent to about 
89 bushels per acre, and still very significantly below the average of 
the hybrid families. The partial regression coefficient exjiresses more 
technically what has already been shown, that kernel weight of the 
harvested crop is a very important factor in influencing yield in this 
space-planted experiment. If leaf rust had not injured the Thatcher 
plant, more light would have been thrown upon the question as to 
whether a small-kerneled wheat ])lant can compete successfully in 
yield with one having large kernels when space planting is used, 
keference to table 6 shows that the better yielding families are in 
general above the average for the three characters, heads per plant, 
kernels per head, and weight per kernel. This would be expected, 
from the relation of these characters to yield. 

The 3 high-yielding families of table (> had means for the 3 char- 
acters just mentioned of 0.0, 0.4, and —0.3 above or below' the respec- 
tive means of tlie 15 hybrid families. When these differences are 
applied to the 3 partial regression coefficients applicable to the 15 
families, the 2 advances in yield are 4.5 bushels per acre for the excess 
in heads per plant, 0.6 bushel for kernels per head, and 0.4 bushel 
(kx'rease for weight per kernel. Thus certainly some of the high 
yields shown in table 6 may be ascribed mainly to relatively heavy 
stooling, which also characterized Thatcher, and Ceres to a lesser 
degree. A kernel weight for Thatcher of 28 mg. is about as liigh as 
could be expected, a kernel weight which would place the Thatcher 
yield well below the average for the 18 groups. Thus, as was indi- 
cated earlier in the paper, an increased stand wT)uld be necessary to 
bring the yield of Thatcher up to the higher levels of yield. And 
here 2 things must be considered. Would the Thatcher plants in a 
theoretically optimum stand, or one increased by perhaps 30 per- 
cent over that actually obtained, carry as many heads per plant as 
did the plants produced in the nursery? They probably w^ould not. 
Would the high-yielding families seeded at correspondingly higher 
rates show correspondingly Idgher yields? Only wiien these ques- 
tions are answered will it be possible to learn the maximum yielding 
capacities of the 2 classes of wdieat, small-kerneled and large-kerneled, 
with approximately the same stooling capacity, when grown space- 
planted. To enhance the comparison, plantings could be made also 
at field rates. More satisfactory conclusions might then be obtained. 

While it was shown that the three characters, heads per plant, 
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kernels per head, and weight per kernel, with a uniform stand are 
responsible for nearly all of the variability associated with yield under 
the conditions of the experiment, this is really not the end of the 
problem. While yield is important in the choice of a wheat variety, 
other characters must bo taken into account, such as quality and 
relationship to disease other than stem and leaf rust, which were 
considered here. The character, strength of straw, has not been dis- 
cussed as it did not enter into this work, but it is of importance in the 
choice of a variety. Obviously it should be possible to bring out a 
group of promising hybrid varieties but with differences among tliern 
similar to the differences found in table 6. Discussions similar to 
those in this paper would then be quite pertinent and would not be 
subject to the restrictions suggested above. The question could still 
l)e raised as to the extent to which the partial regression coefficients 
calculated from the spaced plantings could be applied to wheats 
])lanted at field rates. An experiment with this purpose should 
determine the differences in yielding capacity between large- and 
small-kerneled wheats. The value of such an experiment can scarcely 
be questioned. 

SUMMARY 

Seed wheat from a presumably pure line was separated into two 
classes with kernels weighing 26.6 and 40 mg. When comparisons 
were made between the yields of the two classes seeded by using 
either the same weight of grain or the same number of kernels per 
unit area, the heavier kernels showed the larger yield, the average 
differences being hig:hly significant. 

In a second experiment heavy-kerneled seed matured in the green- 
house was grown in comparison with lightweight seed matured out 
of doors. When only the 12 families wliich had parent greenhouse 
seed with kernels heavier than the outside seed were used, the aver- 
age yield of grain from the heavy-kerneled seed was 1.97 bushels per 
acre above the yield from the seed maturing outside. Tliis difference 
was significant and was 4.5 percent above the lower yield. The 
kernels of the greenhouse seed used in planting weighed 40.7 grn. per 
1,000, or 31 percent heavier than the outside seed. 

Correlation studies between the three independent cliaracters, 
heads per plant, kernels per head, and weight per kernel, and the 
dependent character, yield, showed highly significant zero-order 
coefficients, except between kernel weight and yield when the three 
families injured by rust were omitted. All partial correlations of 
the first and second order were highly significant when yield was 
used as the dependent variable. 

Partial regression coefficients were all highly significant. The 
regression of yield on heads per plant was nearly 7.4 bushels per acre 
for each unit change of head, 1.6 bushels for each unit change in 
keraels per head, and 1.2 bushels for each milligram change in kernel 
weight in the 15 families not injured by rust. 



INFLUENCE OF APHID RESISTANCE IN PEAS UPON APHID 
DEVELOPMENT, REPRODUCTION, AND LONGEVITY ^ 

By C. D. Harrinoton 2 

Industrial fellow, Wisconsm Agricultural Experiment Station 
INTRODUCTION 

Tlie occurrence of aphid resistance in peas {Pimm sativum L.) was 
demonstrated by Searls ^ in 1931 and corroborated by Maltais ^ in 
1936. Experiments of both workers were conducted under field 
conditions. Searls found that aphid numbers increased less rapidly 
on the Yellow Admiral and Onward varieties than on other strains 
of peas. He classified such varieties as ‘‘uncongeniaP^ or “resistant."’ 
His conclusions were based on differences between seasonal curves of 
aphid increase on the varieties tested. These curves were plotted 
from data collected by making periodic aphid counts on random plant 
samples throughout the growing season. Maltais, using the same 
procedure, tested 21 standard pea varieties over a period of 3 years. 
He found, also, that varieties differed Avith respect to velocity of aphid 
increase, and selected Melting Sugar, Champion of England, and 
Prince of Wales as the most resistant of those studied. Yellow 
Admiral and Onward, unfortunately, were not included in these tests. 

Plant breeders have become interested in recent years in the possi- 
bility of developing new^ plant varieties resistant to insect attack. 
Work on aphid resistance in peas has been delayed, however, due to the 
lack of a simple technique for measuring the resistance of plants within 
segregating families. The field testing procedure used V)y Searls and 
Maltais, wiiile accurate, is not wtII adapted for use in a breeding 
l)rogram because of the large amount of time and labor reepured for a 
reading. It has been found, also, that field data based on yield or on 
the ability of plants to recover after aphid attack cannot be used safely 
to measure aphid, resistance because of differen(‘es in the i)liysiological 
age of plants at the time of aphid injury."’ 

The present study was begun in 1938 in an effort to learn more con- 
c(5rning the relationship betw^een the pea plant and its aphid enemy. 
It was hoped that the results might aid in the development of a simple 
testing procedure of use to plant breeders. This paper presents data 
secured from two experiments concerned with the influence of aphid re- 
sistance in peas upon aphid development, reproduction, and longevity. 


‘ Received for pui)licatlon July 15, 1940. TapCir from the Departments of Economic Entomology and 
Oenetics (No. 258), Wisconsin Agricultural Exj>eriment Station. The work luis been supported in part 
by the Associated Seed Growers, Inc., of New Haven, Conn. 
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Economic Entomology, and Dr. R. A. Brink, of the Department of Genetics, under whose direction tin? 
W’ork was done. The statistical analysis was {M^rformed by Dr. C. Ei.senhart and Mi.ss Frieda S. Swed of 
tlni Agritniltiiral Statistical Service to whom the author is in<lebt(‘d for this portion of the paper. 
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PROCEDURE 

Two varieties of canning peas, Perfection and Pride, were used in the 
study. The former was selected because of its susceptibility to the pea 
aphid, the latter because of its partial resistance. Plants were grown 
in sand, using a complete nutrient solution developed for peas by the 
Plant Pathology Department of the University. The containers were 
No. 2. enameled tin cans. The aphids (Macrosi/phum (lUinoia) pisi 
(Kleb.)) were of pure-line origin, the line being obtained by isolating 
a single agamic insect and its subsequent progeny.® Gauze-covered 
lantern globes were used to confine the inse(5ts to the growing tips 
of the test i)lants. Support for these globes, as well as for the plants 



Figure 1 . Testing racks with plants and lantern globes in position. 


and their containers, was provided by adjustable testing racks, as 
shown in figure 1. 

The globes were ventilated by electric fans located at the front and 
along the sides of the testing bench. Currents of air directed over the 
gaiize-covered tops of the globes created a partial vacuum within. 
This caused fresh air to circulate tlirough screen-covered apertures 
in the platform upon which each globe rested . 

Each experiment included 30 Perfection and 30 Pride plants. Each 
of these plants was infested with a single reproducing aphid. After 4 
hours, however, this aphid and all but one of its progeny were removed. 
Plants on which no young were produced during this short period were 
infested with one of the excess young removed from other plants. In 

• Little evidence has appeared to date which would indicate that more than one strain of the pea aphid 
exists. Nevertheless, to avoid any genetic heterogenicty which might bo present, puredine insects were 
used. 
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this way 60 aphids of uniform age were confined upon the 30 individual 
plant tips of the two varieties. 

Data were taken at 4-hour intervals during the period of aphid de- 
velopment. All insects were examined carefully with a hand lens at 
each reading to determine whether a new stadium had been reached 
during the previous 4-hour period. This procedure enabled data to be 
taken relative to the number of hours required by each of the 60 
aphids to pass through each of the four nymphal stadia and to reach 
reproductive maturity.^ After reproduction began, the progeny of 
each aphid was carefully rcmioved and counted every 48 hours. The 
young were removed to prevent overcrowding of the test plants, and to 
avoid second-generation reproduction which would have resulted if any 
of the progeny had l)een allowed to reach maturity. Wlien emaciation 
and reduced reproduction indicated that the parent aphids were 
growing weaker, observations were Ixigun and continued at 24-hour 
intervals in order to record the day on which each parent aphid died. 
The experiments, which ran consecutively, were concluded upon the 
death of the last parent aphid in each. Individual records were kept, 
all data pertaining to any aphid being recorded under its respective} 
rack and globe number. 

EXPERIMENTAL RESULTS 

A complete set of data was obtained for the second experiiiKMit. All 
averages, for this reason, are based on the full complcriKuit of. 30 
repli(}at(}S p(‘r variety. While taking data on reproduction in the first 
(‘xperiiiK'ut, howevcu’, 8 parent aphids were dislodged and lost. In 
addition, failure} to find and remove all young resulted in second g(}Tn}r- 
ation I'oproduction on 3 plants. Data relative to total reproduction 
were discarded in these cases. No records of longevity could be ob- 
tained for the 8 lost aphids. Furthermore, longevity records for 3 
oth(}r aphids wt}r(} discarded because the insects died of causes otlier 
than old age. In the first experiment, therefore, the averages of total 
reproduction for Pride and Perfection are based on records of 24 and 
25 aphids, respectively, and the averages of total longevity are based 
on longevity records of 26 and 23 aphids, respe(}tively. The data ar(} 
presented in table 1. 

STATISTICAL TREATMENT AND INTERPRETATION OF DATA 

Student's’^ <-test was used in the statistical treatment of the data, 
the values of t (for 58 degrees of freedom) necessary for significance at 
the 0.05 and 0.01 levels being 2.002 and 2.664, respectively. 

It appears from the two experiments that aphid devc}lopment on 
Pride differed significantly from that on Perfiiction with regard to 
hours to first moult. The aphids re.quircd a greater number of hours 
on Pride, the values of t being significant at the 1 percent level. This 
difference persists, as far as time is concerned, to the second, third, 
and fourth moults, the respective t values all being positive and signif- 
icant. Under those circumstances a difference is anticipated in total 
time required from birth to reproductive maturity, with aphids on 
Pride requiring the greater length of time. This hypothesis is sup- 
ported by a positive value of t, mso significant at the 1 percent hivel. 


7 The pea aphid, theoretically, Is mature as soon as it reaches the last, or fifth, stadium. I'he. insects 
however, do not begin to reproduce until sometime later. 
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The length of the first stadium is the time required to reach the first 
moult. There is a significant difference between varieties in the first 
experiment with regard to the time spent in the second stadium and 
in the period between the last moult and reproductive maturity, the 
two t values being significant at the 5 percent level. Except for these 
difl'erences, in both experiments the original variation between Pride 
and Perfection, observed in the time to the first moult, remained 
(essentially the same from then on. In other words, there were no 
significant differences in time^ spent in the second, third, and fourth 
stadia, and in the period just prior to reproductive maturity. 

Table 1. — Aphid develop7nent^ reproduclionf and longevity on the Perfection and 

Pride varieties 


! 

Item 

Development period (average lioiirs) 

']\)tal 1 
young 
pro- 
duced 

Total 

life 

span 

liongth of stadia 

Fourth 
moult 
tore- 
produc- 
tive 
matu- 
rity 1 

1 Porio<l from birtii to various i 
moults 

Birth 
to re- 

First 

Sec- 

ond 

Third 

Fourth 

First 

StHV 

ond 

"J'hird 

Fourth 

live 
matu- 
rity 2 

Experiment 1: 

Hours 

Hours 

Hours 

Hours 

I Hours 

Hours 

Hours 

Hours 

Hours 

Hours 

Nuvilxr 

Days 

Perfection. . 

35. 0 

3ti. 0 

40. « 

45. 3 

20.fi 

3.5.0 

71.5 

112.4 

1.57 7 

178.3 

10(5. 4 

29.(1 

Pride.... 

38. 2 

38.2 

40.0 

44.0 

22.4 

38. 2 

7(5.4 

J17.3 

J(52.2 

184.(5 

03. .5 

23.9 

Difference. . 

3.2 

1.(5 

.0 

—.4 

1.8 

3.2 

5. 1 

4.0 

(5.5 

(5. 3 

-12.0 

- 5. 1 

t Vaiue . 

•*5. Iti7 

•2. 548 

. 000 

.401 

*2. 032 

*♦5. 107 

••5. (505 

••4. 705 

**4. 101 

**5. 754 

•*4. 435 

*•5, 070 

P:xi)c.riment 2; 













Perfection . . 

33. 0 

38. (5 

40. 0 

51. t 

10. 8 

33. 0 

71. 5 

111.5 

1(52. (5 

1H2. 5 

100. 7 

32. (5 

T‘ri(ie 

35. 0 

30. 2 

40. 0 

52. 8 

20.4 

35. 0 

74.2 

111. 2 

1(57.0 

187.4 

05. (5 

25. 3 

J)ifference. . 

2.0 

.0 

.0 

1.7 

.fi 

2.0 

2. (5 

2.7 

4.4 

4. 0 

— 14. 1 

- 7. 3 

t Value » 

•*3.042 

1. 1(57 

.00(5 

1. 545 

.784 

•*3. (542 

•*4.8H2i 

•*3. 4(5(5 

*•3. 084 

••3. (500 

•*4.271 

••5. 470 


‘ "Potal hours between fourth moult and reproductive maturity. 

2 1\jtal hours between birth and reproductive maturity. 

•' For 58 decrees of freedom, t at the 0.05 level == 2.002, and at the 0,01 level =-- 2.004. 

*Indicativs a significant difforou(M3 exists at the 0.05 level. (Odds are 20-1 that dilTeronce is not due to 
chance alone). 

•♦Indicates a significant differcuco exists at the 0.01 level. Odds arc 100 1 that difference is not due to 
chance alone. 


Fewer young were produced on Pride than on Perfection, the 
difference being significant at the 1 percent level. The total length of 
life was significantly less on Pride, the t value being significant at the 
1 percent level. 

A study of data on aphid development brings to light some interest- 
ing information regarding the influence of resistance upoir aphids 
reared on Pride as compared with those reared on Perfection. This 
influence may be described as follows: Resistance slows down the 
rate of development in all stadia, but the reduction is usually too 
small to be detected statistically for any one stadium, except the fii'st. 
The influence is, however, cumulative, increasing gradually until 
reproductive maturity is reached. This trend is particularly notice- 
able in the results of the second experiment. 

DISCUSSION 

Under Wisconsin conditions the pea aphid normally produces 15 to 
16 generations each year, which are roughly distributed as follows: 2 to 
3 upon ]|^e primary hosts (alfalfa) in the spring, 7 to 8 upon secondary 
hosts (]pas) in late spring and summer, and 3 upon the primary hosts 
again .0x the fall. Peas are planted in April or early May and are 
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harvested the last week of June (early varieties) or in early July (late 
varieties) . One aphid generation requires 6 to 12 days depending upon 
the temperature. Wlien peas arc young, low temperatures inhibit 
aphid development and reproduction with the result that little damage 
is done. With the higher temperatures of late Jiine, aphid generations 
follow each other in rapid succession, the population soon reaching 
sufTicient proportions to blast blossoms and young pods or even to 
destroy the plants. The tlii*ee principal factors that determine 
whether a pea field is to b(i damaged are: (1) Size of original infesta- 
tion, (2) rate of aphid development and reproduction, and (3) duration 
of infestation. The grower cannot control th(i original infestation but 
use of resistant varieties will slow down the rates of aphid development 
and rc'.production. While it is true that tlie most resistant varieties 
known today are but mildly resistant, nevertheless the inhibiting 
inlluence that tlu^y extort upon aphid build-up during the entire season 
is very large. In this connection the data presented above can be 
consid(U*(id. By computing the dilferences between Pride and 
Perh^ction on the perc'entage basis, utilizing the data in the three 
l ight-hand columns of table 1, it is found that Pride in the two experi- 
ments increased tlu^ time of development 3.1 percent, decreased 
rciproduction 12.5 percent, and shorteruul the aphid life span by 
20 pcrc(!nt. The cumulative effect of this influence, acting upon 8 
successiv(‘, aphid generations, may explain why th(^ morti resistant 
varieties often j)roduce a crop when susceptible strains succumb. 

Lack of a simple and accurate technicpie for determining the com- 
pai’ative ri'.sistance of segregating plants is one of the chief factors 
which has (hdayed the prodiK^tion of new pea varieties resistant to the 
pea aphid. Tlie principal purpose of this work, as mentioned above, 
was to discover which component of the host-parasite complex could 
be used to best advantage as a basis for measuring the relative aphid 
resistance of pea plants. In this lespect the data indicate that the 
3.1 i)(U*c.ent increase in time of aphid development for Pride as com- 
pared with that for Perfection is not large enough to justify basing a 
teclmique on this phase of the life cycle. This fact becomes clear 
when it is realized that the known range from maximum resistance to 
maximum susceptibility in pea varietic^s tested to date is very small, 
Pride and Perfection representing almost the extremes. The differ- 
ence of 12.5 percent in reproduction between the two varieties appears 
to be large enough to justify further work on this subject. The 
20 percent differcuice in longevity is promising, but unfortunately the 
use of longevity data in measurement of aphid resistances is out of the 
question due to (1) the technical difficulty of caring for the progenies, 
and (2) the long period of time (during which a test must be run) before 
the test insects die. 


SUMMARY AND CONCLUSIONS 

Two experiments were run under greenhouse conditions to determine 
the influence of aphid resistance in peas upon aphid development, 
reproduction, and longevity. The partially resistant Pride and the 
susceptible Perfection pea varieties wore used. Both experiments 
include 60 aphids, which were confined individually upon 30 plants 
of each variety. Analysis of the data obtained leads to the following 
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conclusions, which should be considered only with reference to the 
varieties used: 

1. Aphid resistance reduces slightly (3.1 percent) the rate of aphid 
development. 

2. Aphid resistance inhibits reproduction to a considerable extent 
(12.5 percent). 

3. Aphid resistance decreases aphid longevity (20 percent). 

4. The cumulative effect of resistance acting upon aphid populations 
throughout the pea growing season may explain why resistant varieties 
are often able to produce a crop when susceptible strains are destroyed. 

5. Data on relative rates of aphid reproduction appear to offer a 
bettor possibility for measuring the comparative resistance of pea 
varieties than data on rates of aphid development or length of life. 



BUCKEYE ROT OF TOMATO IN CALIFORNIA* 

By C. M. Tompkins, assistant plant pathologist^ California Agricultural Experiment 
Station, and C. M. Tucker, chairman, Department of Botany, Missouri Agri-’ 
cultural Experiment Station. 


INTRODUCTION 

Althoiij^h buckeye rot of green tomato fruits {Lycopersicuni escu- 
lenturn Mill. var. vulgare Bailey), caused by Phytophthora terrestria, 
was described by Sherbakoff (25) ^ more than two decades ago, the 
disease was not known to occur in California, where tomatoes are a 
major crop, until September 1937 when it was observed by J. B. 
Kendrick in a lOO-acre tomato field near Davis. The rot was confined 
to fruits on or near the ground following a heavy irrigation. In 
August 1938, infected green Italian pear-shaped tomatoes were 
received from Modesto, and the disease, based on symptoms only, 
was identifii^d as buckeye rot. Two months later, this disease? was 
found to be of major importance in the late crop of green-wrap to- 
matoes grown at Brentwood. 

Buckeye rot of green tomato fruits has consist(?ntly been ascribed 
to Phytophthora parasitica by investigators in various states and 
foreign countries. Some of the reported diagnoses were made, ap- 
parently, on symptomatology alone or at least on very limited cul- 
tural tests. However, Bewley (4), in England, may have been the 
first to suggest that more than one species of Phytophthora may cause 
tiuckeye rot, naming P. cryptogea in addition to P. parasitica. Inves- 
tigations in California not only support Bewley ’s contentions, but, in 
addition, indicate that the disease may be prodii(*(‘d by other species 
in the absence of P, parasitica. 

DISTRIBUTION OF THE DISEASE 

According to Sherbakoff {25, 26, 27), biKvkeye rot of tomato fruits 
was first r(?cognized as a new disease in January 1915 at Goulds, Fla., 
I)ut presumably had been observed as early as 191 1 , and occurs along 
f)oth the east and west coasts. The disease has been reported (o the 
Division of Mycology and Disease Survey, United States Department 
of Agriculture,^ from Arizona, Arkansas, Colorado, Florida, Illinois, 
Indiana, Louisiana, Maryland, Massachusetts, Mississippi, Missouri, 
New Jersey, New York, North Carolina, Ohio, Tennessee, Texas, 
Virginia, and West Virginia. It also occurs in Puerto Rico. The 
first record of the disease from California was given by Ramsey ^ 
in 1939. In view of its wide geographical range, Weimer {39) was 
undoubtedly correct in stating that “buckeye rot of tomatoes, then, 
is not restricted to the extreme southern States.^' 

' Received for publication August 14, 1940. Joint contribution from the Division of Plant PatlJoJogy, 
California Agricultural Experiment Station, and the DeiJartinont of Botany, Missouri Agricultural Experi- 
ment Station (Journal Series No. 687). 

* Italic numbers in parentheses refer to Literature Cited, p. 472. 

’ Letter from H. A. Edson, Division of Mycology and Disease Survey, TT. S. Department of Agriculture, 
dated Febniary 19, 1940. 

’ Ramset, G. B. fruit and veoetablb diseases on the chicaoo market in 1938. TT. S. Dept. Agr. 
Bur. Plant Indus., Plant Disease Rptr., Sup. 114, pp. {27]-40. 1939. f Mimeographed.] 
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The disease has also been reported in Argentina (5), Australia {14), 
the British West Indies (Trinidad, St. Vincent, and Montserrat) {!), 
Canada (7), Denmark {10, 37), England {S, 3, 4, 15, 16, 17), India {33), 
Japan {29), Mexico {28), the Netherlands {IS), Palestine {20), and 
the Union of South Africa {34, 36). 

Further records, which may possibly relate to buckeye rot, occur 
in the literature and are briefly mentioned in order to make this 
paper as inclusive as possible. A rot of green tomato fruits, pre- 
sumably caused by Phytophthora terrestrial, was found in Cuba in 1918 
by Bruner, according to Weimer {39). In 1932, just 7 years prior to 
the first definite record of the disease in the British West Indies {!), 
Briant {6) found that an unnamed species of Phytophthora was respon- 
sible for a fruit rot of tomatoes in Trinidad. In Bermuda, a species 
of Phytophthora belonging to the P. palmivora group, was believed by 
Waterston {36) to be the cause of a rot of green tomato fruits (varie- 
ties Marglobe, Pritchard, and Break o^Day). 

Although the disease has not been reported from Greece and Italy, 
nevertheless it is significant that Sarejanni {24) and Goidanich {9) 
have recently described a collar rot of tomato plants caused by 
Phytophthora parasitica. Samuel {22) stated the disease has never 
been observed in South Australia, although the disease is known to 
occur in the metropolitan area of Sydney, Australia {14)- 

A rot of tomato fruits, caused by Phytophthora capsid, has occurrexl 
in the Arkansas Valley of Colorado {23), but whether the disease is 
identical with buckeye rot was not indicated. ® 

SYMPTOMS OF THE DISEASE 

The symptoms of buckeye rot of green tomato fruits collected in 
the Bnmtwood and Stockton sections, two of the four known centt^rs 
of infestation in California, arc identical with the original description 
as given by Sherbakoff {25, 26, 27) and later by Kendrick (//), 
Ramsey and Link {19) whose paper is illustrated by excellent colored 
photographs, Wager {34, 36), Weber and Ramsey {38), and Young, 
Harrison, and Altstatt {40). Green fruits of all sizes, if in contact 
with or near the surface of moist or wuiterlogged soil, were subject to 
infection. Irregular-shaped, water-soaked areas, usually but not al- 
ways at the blossom end of the fruits, constituted th(> first visible 
evidence of infection (fig. 1, A). As the lesions enlarged, the centers 
turned brown to blackish-brown and frequently developed either 
complete or incomplete concentric brown rings (fig. 1, B, D). Some 
fruits were devoid of this ring symptom. On all lesions, however, the 
advancing margin was water-soaked, while the rate of enlargement 
was rapid under conditions of high temperature and humidity and 
an excessive supply of irrigation water. Decayed areas were firm in 
texture, with little or no aerial mycelium on the surface of the fruits. 
An abundant mycelial growth developed, however, when diseased 
fruits were placed in a moist chamber, and the rate of decomposition 
was accelerated. Lesions on some fruits showed arrested development, 
the surface tissues becoming hard and dry (fig. 1, (7). 

» Sincjo this paper was accepted for publication the following article has appeared: Kreutzsr, W. A., 
Bopinr, W. W., and Durrell, L. W. cucurbit diseases and rot op tomato fruit caused by phytoph- 
thora CAPSici. Phytopathology 30; 972-976, Ulus. 1940. In this article a field decay of tomato fruits, 
caused by Phytophthora capsid, is described in more detail. 
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Figure 1. Natural infection of green-wrap tomato fruits grown at Brentw'ood, 
Calif.: Af Tiarge, irregular-shaped, w-ater-soakcd lesion, with brown center; 
ii, an aggregate of brown lesions surrounded by a water-soaked margin; C, 
blackish-browui lesions showing arrested development; 1), water-soaked lesion 
with brown center and concentric rings. 

THE CAUSAL FUNGI, PHYTOPHTHORA CAPSICI 
AND P. DRECHSLERI 

Small tissue fragments were removed aseptically from the advanc- 
ing, int(U*nal margin of lesions of naturally infected, green tomato 
fruits, planted on malt-extract agar (IS) in Petri dishes, and incubated 
at room temperature. Usually, after 48 hours, pure cultures were 
established on agar slants by transferring hyphal tips from the edge 
of the colonies. Cultures were made from approximately 300 green 
tomato fruits in 1938 and 1939. 

Although the original cause of buckeye rot was ascribed by Sherba- 
koff (25) to Phytopfithora terrestria^ Tucker {32) later determined that 
the fungus was identical with P. parasitica Dast. 

Microscopic examination of the California isolates indicated that 
two species of Phytophthora were involved in the rotting of green to- 
mato fruits, namely, P. capsid Leonian (12) and P. drechsleri Tucker 
{30),^ Cultures of P. drechsleri were more numerous than P. capsici 
in 1938, whereas in 1939 all the isolates were referable to P. capsici, 

® An isolate from a rotting tomato fruit collected at Edison, Calif., in November 1940 was identified a.s 
Phytophthora paraBitica Dast. The isolate developed the tufted type of mycelial growth characteristic of 
P. paraBitica, formed sporangia and chlamydospores in culture, and exhibited temperature growth rela- 
tions ^pical of the species. The isolate was indistinguishable from cultures obtained from tomato fruits 
from Cuba, Florida, and Missouri. 

320320—41 4 
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It is significant that not a single isolate of JP. parasitica appeared 
during either season, although this species has heretofore been recog- 
nized as the exclusive causal agent of the disease. 

The three species have similar temperature-growth relations and 
may be expected to appear on tomato fruits under similar environ- 
mental conditions. Phytophthora drechsleri is readily distinguishable 
from the other species by its nonpapillate sporangia which usually 
develop sparingly, even when hyphae are transferred to sterile distilled 
water. P, capsid does not develop typical chlainydospores and may 
tlius bo distinguished from P, parasitica. Furthermore, the sporangia 
of P. capsid are usually somewhat irregular, with a tendency to 
(‘longate in the apical nigion, while those of P, parasitica are more 
frequently of the regular, limoniform type. All three species are 
variable in production of oogonia, some isolates developing them in 
fair numbers while in others the sexual stage is never observed. 

TiU'ker {32) lias shown that the ability to invade and kill stems of 
pepi)er plants is a specific character of Phytophthora capsid. All 
isolates from tomato fruits that reseml)l(»d P, capsid morphologically 
were inoculated into pepper steins; in ('very instance the fungus 
invaded and killed the terminal 3 to 6 inchc's of tli(‘ stem in 5 days. 

Pure cultures of Phytophthora capsid and P. drechsleri^ isola(-ed 
from naturally infected green tomato fruits collected at Brentwood, 
(^alif., and of P, parasitica from an infected tomato fruit colle<*ted at 
Columbia, Mo., were used in the infection (experiments. The fungi 
were grown on malt-extract agar in Petri dishes, incubated at room 
tempeu'ature, and used for inoculum wlien 4 days old. 

Paralh'l inoculations were made on unwoimded, detached, green 
tomato fruits in the laboratory and on greem fruits in situ on healthy 
tomato plants grown in the greenhouse. In the laboratory, healthy 
fruits were washed in running tap water, rinsed in distilled water, and 
dried. A small block of inoculum was placed on the uninjured 
epidermis and kept moist with absorbent cotton under an inverted 
preparation dish. In some instances, inoculated fruits were placed 
in glass moist chambers. No fruits were wounded in any of the 
inoculation tests. For (controls, fruits were handled in the same 
manner except that sterile agar was substituted for the inoculum. 

In the greenhouse, the green fruits on living tomato plants, varieties 
Sutton^s Best of All and Crackerjack, were not washed. The in- 
oculum and moist absorbent cotton were held in place with a rubber 
band. One to several inoculated fruits were enclosed in a glassine 
bag after inoculation. A total of 12 fruits were inoculated with each 
species of Phytophthora, Control fruits on living plants were similarly 
treated except that sterile agar was substituted for the inoculum. All 
inoculated fruits became diseased, while the noninoculated control 
fruits remained healthy. The average incubation period was: 
Phytophthora capsid^ 7 days; P, drechsleri^ 11 days; and P, parasitica ^ 
7% days. These artificially induced lesions were identical in color 
and consistency with those resulting from natural infection. Con- 
centric rings, either complete or incomplete, developed in some lesions 
(fig. 2, A)y but usually this symptom was lacking (fig. 2, B), It is 
doubtful whether the zonation said to be characteristic of buckeye rot 
is a good distinguishing character. In these inoculation tests, it was 
observed that fruits vary a great deal in the development of the zonate 
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character, even when infected by the same isolate. The species of 
Phytophthora produced identical symptoms when compared with each 
other, and it was impossible, therefore, to differentiate between them 
by using expressed symptoms as criteria. Laboratory tests yielded 
comparable results, with no essential differeiKie in the incubation 
periods of the respective species tested. Rcisolations were made 
from all infected fruits, and infection was again obtained with the 
reisolatcs. 

These tests for pathogenicity indicate lliat species other than 
Phytophthora parasitica may also cause buckeye rot of tomato, and, 
in California, they are represented by P. capsid and P, drechsleri. 



Ficiuini 2.-* Artificial infection, without wounding, of giwn Oackorjack 
variety tomato fruits, in situ on jilants grown in the greenhouse, yt, Large, 
water-soaked lesion, with slightly darker center, showing concentric ring effect 
produced hy Phytophthora capsid; /?, large, water-soaked lesion, with blackish- 
lirown center, produced by P. drechsleri. 

An isolate of P. capsid from a naturally infected honeydt'.w melon 
fruit {Cucumis melo L. var, inodoms Naud.) has previously been 
shown to be pathogenic to green tomato fruits (SI), resulting in lesions 
typical of buckeye rot. 

That green or immature tomato fruits are highly susceptible and 
may be invaded by Phytophthora parasitica in the absence of wounds 
was previously mentioned by SherbakofF {25), Gardner {8), Kendrick 
{11), Ramsey and Link {10), Rosenbaum {21), Wager {35), and Weber 
and Rams(^ {38), so that the results presented in this paper an^ 
merely confirmatory. 

DIFFERENTIAL HOSTS 

Parallel inoculations of various fruits, roots, and tubers were made 
in the laboratory with 4-day-old cultures of Phytophthora capsid, P. 
drechsleri, and P. parasitica in an attempt to find a differential host 
which could be used for rapid identification of various isolates from 
naturally infected green tomato fruits. Infection of ripe tomato, 
eggplant {Solanum melongena L. var. esculentum Nees), avocado 
{Persea gratissima Gaertn.), Bartlett pear {Pyrus communis L.), and 
honeydew melon fruits was obtained with the three species of PAy- 
tophtkora, but all produced identical symptoms on these hosts, 
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However, Yellow Crookneck and Zucchini pumpkin fruits (Cu- 
curbita pepo L. var. condensa Bailey) were readily infected by Phy- 
tophthora capsid and P. parasitica, but not by P. drechsleri; Purple 
Top Wliite Globe turnip roots (Brassica rapa L.) were infected only 
by P. drechsleri and P. parasitica; and carrot roots {Daucus carota L. 
var. satim DC.) by P. capsid and P. drechsleri, P. capsid alone 
caused infection of bell or sweet p:reen pepper [Capsicum annuum L. 
var. grossurn vSendt.), Newtown Pippin apple (Pyrus malus L.), and 
cucumber fruits [Cucumis saiiims L.). Thus, for the isolates tested, 
pumpkin and bell pepper fruits and turnip and carrot roots may be 
used as differential hosts. 

All three species of PhytopMhora failed to infect Garnet Chili and 
White Rose potato tubers (Solanum tuberosum L.) ; muskmelon 
(Cucumis mdo L.), Klondike watermelon [Citrullus vulgaris Schrad.), 
and lemon fruits [Citrus limonia Osbeck) ; and garden beet roots [Beta 
vulgaris L. var. crassa Alef.). 


SUMMARY 

Buckeye rot of green tomato fruits is prevalent in several of the 
interior valleys of central California. 

The disease is favored by high temperatures and humidity, and the 
most important factor favoring infection in California appears to be 
contact of the fruit with moist soil or with irrigation water. 

Isolation, inoculation, and taxonomic studies show that the disease 
in California is caused by Phi/tophthora capsid and P. drechsleri, 
rather than by P. parasitica. 

Several differential hosts, including pumpkin and bell p(‘j)per fruits 
and carrot and turnip roots, were found. These may assist in the 
identification of Phytophthora species isolated from diseased tomato 
fruits. 
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RING NECROSIS OF CABBAGE ' 

By li. 11. Lakson, instructor in plant pathology ^ University of Wisconsin^ and col- 
laboratory Division of Fruit and Vegetable Crops and Diseasesy and J, C. Walker, 
professor of plant pathology y University of WisconsiUy and agent y Division of 
Fruit and Vegetable Crops and Diseases, Bureau of Plant Industry, United States 
Department of Agriculture 2 


INTRODUCTION 

111 1935 Sinith (4) ® described a virus disease of cabbage and brussels 
sprouts in England, which lie designated as 'hingspot^' because of the 
ciiaract(u*istic dei^ply sunkiui lesions surrounded by almost black 
necrotic rings. When leave's of young cabbage plants were inoculated, 
necrosis usually developed on the inoculated h'aves and a mosaic 
mottling without preliminary vein clearing developed in the younger 
systemically inhuitiMl leaves. Necrotic and occasionally chlorotic 
rings followed, in 1938 Tompkins et ah (9) described a virosis of 
cabbage from (California under the name of “black ring.^^ The early 
symptoms on inoculated cabbage (no reaction on the inoculated leaves 
th(*niselves was recorded) consisted of numerous small chlorotic lesions 
in which necrotic margins d(5velopcd commonly after 2 or 3 weeks. 
irnd(‘r held conditions the necrotic rings were most conspicuous on 
the under surface of th(5 older, outer head leaves. It is to be noted 
that neitlu'r mosaic mottling nor vein clearing was described in con- 
nection with this disease on cabbage. 

In 1937, at Madison, Wis., the writers noted in a plot of cabbage 
infected with a mosaic disease described elsewhere (2) necrotic ring 
lesions on many mature plants, particularly on th(^ outer head leaves. 
From such plants a virus was obtained that produced various degrees 
of chlorosis and necrosis on cabbage. Although it had certain points 
in common with the diseasc^s noted above, it was sufficiently distinct 
to warrant tlui ])resent description. In order to distinguish the disease 
from oth(vrs it is designated herein as “ring necrosis’^ of cabbage. A 
l)reliminary report has been publish(‘d (3). 

SYMPTOMS AND HOST RANGE 

One of the major points of difference between ring necrosis and 
black ring is the fact that ring necrosis is masked in the greenhouse at 
13° to 19° C. The symptoms herein described were observed on 
j)lants growing at 22° to 25°. 

CKUCIFKROUS HOSTS 

The following crucifers were inoculated mechanically with ring 
necrosis virus, according to methods described in the section on traiis- 

* Ke('eive(l for publication January 31, 1941. Cooperative investiRations of tlie Divisions of Fruit and 
Vegetable (’rops and Diseases, Bureau of Plant Industry, U. S. Department of AgrUrulture, and the Wis- 
consin Agricultural Experiment Station. 

9 The writers express sincere appreciation to Eugene H. Herrling for making the photographs u.sed in this 
paper. Valuable assistance was made i)ossible by a grant from the Federal Works Progress A dniinistration 

9 Italic numbers in parentheses refer to Literature Cited, p. 491. 
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mission of the virus, and all were found to be susceptible and to exhibit 
systemic symptoms. 

Brassica oleracea var. capiiala L. (caV)bago, vars. Jersey Queen, Marion Market, 
Wisconsin All Seasons, Wisconsin Hollander). 

Brassica oleracea var. boirytis L. (cauliflower, var. Snowball; sprouting broccoli, 
var. Green Sprouting). 

Brassica oleracea var. gongylodes L. (kohlrabi, var. Early White Vienna). 



liouRE 1. —Young cabbage plant infected with the ring necrosis virus, showing 
small chlorotic lesions on younger leaves and necrotic ring development on the 
more mature leaves. 


Braesica oleracea var. gemmifera Zenker (brussels sprouts, var. Long Island Im- 
proved). ® 

Braasica oleracea var. viridia L. (kale, var. Dwarf Green Curled). 

Brassica campestris var. napobrassica DC. (rutabaga, var. American Purple Top) 
Brassica napus L. (rape, var. Dwarf Essex). 

Braasica rapa L. (turnip, var. Purple Top White Globe). 

Brassica juncea (L.) Coss. (leaf mustard, var. Tender Green). 

Braasica vekinensis (Lour.) Rupr. (Chinese cabbage, var Chihli). 

Brassica hirta Moench (B. alba (L.) Boiss, white mustard). 

Brassica 'nigra (L.) Koch (black mustard). 

Cheiranthus allionii Bailey (Siberian wallflower) . 
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Mathiola incana var. annua (L.) Voss (annual stock, var. Dwarf Ten Weeks). 
Heaperis matronalis L. (dames rocket). 

Haphamis sativus L. (radish, var. Frencli Breakfast). 

Berteroa incana DC. (hoary alyssum). 

Capsella bursa-pastor is (L.) Medic, (shepherds-purse) . 

Lepidium tnrginicum L. (wild peppergrass) . 

Lepidiurn sativum L. (garden cress). 

Thlaspi arvense L. (pennycress) . 

Neslia paniculaia (L.) Desv. (ballmustard). 

Sisymbrium officinale (L.) Scop, (hedgemustard). 

Sisymbrium altissimum L. (tuml)lemustard). 

The symptoms on some of those hosts will be described. 


CABriAGE 

No symptoms appear on inociilattul leavers of cabbage (Brassica 
oleracea, var. capitata), but 17 to 21 days after inoculation small eon- 



Figure 2. — A cabbage leaf affected with ring necrosis. Note various stages of 
transition from the chlorotic spot tlirough the development of a necrotic center 
and marginal ring to the final **bull’s-eye^' lesion. 

spicuous yellow lesions appear in the parenchyma of the fourth or 
fifth unfolded leaf, at the distal portion frona the growing tip (fig. 1). 
The more intense chlorosis at the outer margin of the lesions gives the 
appearance of a halo. Since the lesions are usually numerous they 
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may impart collectively the effect of mottling, but there is neither 
true interveinal mosaic nor systemic vein clearing. Th(i lesions 
gradually increase in size and number over the entire leaf blade. 



P'lGUBE 3. — Outer leaf of diseased mature cabbage plant showing necrotic rings, 
vein necrosis, and chlorotic bleaching. 

As the leaves become older necrosis appears as spots in the center of 
the lesion and a little later as concentric rings at the outer margin, 
giving in the final stage a ‘'bull's-^eye/' spot in which the dead tissue is 
brown or blue black (fig. 2). As the disease progresses the tissue 
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between the initial lesions bleaches and finally becomes dry and 
brittle (fig. 3). At this stage the leaves drop prematurely, but 
leaf drop is generally less extensive than in cabbage mosaic (2), 
Affected leaves occasionally develop asymmetrically. Curling or 
crinkling of the lamina of the leaf is accentuated only in the later 



FiciuiiE 4. — Stems of young cabbage plants infected with ring necrosis virus 
showing irregular blue-black lesions on the internodes. 

stages of the disease. Necrosis may occur on or along tin*, veins after 
the necrotic rings in the leaf parenchyma have formed. 

Neither Smith (4) nor Tompkins et al. (.9) mentioned sttun necrosis, 
which in the present disease commonly occurs in the form of irregular, 
dark blue to black, slightly sunken areas. The lesions may be small 
and linear or they may extend irregularly for some distance, usually 
not involving the leaf scars (fig. 4). 
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Figtjbe 5. — Leaf symptoms of ring necrosis on subspecies of Brassica oleracea, 
Af Kohlrabi: Ay Diseased; By uninoculatcd control; C, Sprouting broc- 
coli ; Dy brussels sprouts. 
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Field symptoms vary considerably. Plant growth may be stunted 
without any sign of chlorosis or necrosis except on the outer head 
leaves. Outer leaves show varied effects, including chlorosis, uni- 
lateral distortion, necrotic rings in interveinal tissue, and linear 
necrotic lesions on or along the veins. Bleaching of older infected 
leaves and stem necrosis may occur. Leaf drop is not common as in 
mosaic, and the internal necrosis of cabbage heads noted in the la tt er 
disease {2) has not been observed. 

Othkr Members of Brassioa oleracea 

In kale {Brassica oleracea var. inridis), brussels sprouts {B. oleracea 
var. gemmifera) , cauliflower (B. oleracea var. botrytis), sprouting broc- 
coli {B. oleracea var. botrytis)^ and kohlrabi (/?. oleracea var. gongy- 
lodes) j the first symptoms, as in cabbage, appear as small halolikc 
chlorotic lesions, which develop necrotic rings (fig. 5). Conspicuous 
linear necrotic lesions appear on veins, petioles, and stems. 

ChTNESE CABBArJE 

Cliinese cabbage {Brassica pekinensis) is very susceptible and 
exhibits somewhat erratic systemic symptoms. The first evidence 



Figure 6. — Leaf symptoms produced by systemic infection of Ciiinese cabbage 
with ring necrosis virus: Ay Leaf distortion, vein necrosis, and necrotic streaking 
of petiole; B, uninoculated control. 


of infection is the appearance of numerous dark specks in the inter- 
veinal tissue with slight necrotic streaking on the veins. The lesions 
may be scattered irregularly but are often confined to one side of the 
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leaf blade; later when necrotic vein streaking increases and involves 
the petiole, the symptoms (fig. 6) resemble somewhat those of systemic 
infection by the black-rot organism, Bacterium campestre (Pammel) 
E. F. Smith {Phytomonas campestris (Pammel) Bergey et al.). Well- 
marked progressive necrotic streaking, severe malformation, and 
stunting are evident in older infected leaves. The tissues gradually 
become dry and brittle, and the leaves die prematurely. The virus 
is occasionally hithal. In contrast to these disease manifestations, 
Tompkins et al. (9) described only chlorotic rings, some of which 
became necrotic, on Chinese cabbage infected with black ring. 

White Mustard 

Plants of white mustard (Brassica hirfa) infected with the ring 
necrosis virus show slight chlorotic lesions on systemically infected 
leaves, but before ring symptoms fully develop the plants usually die. 
Tompkins et al. (9) report that black ring disease on this host produces 
chlorotic rings confined to inoculated leaves with vein clearing on 
new inner leaves. 

Annual Stch’k 

in systemically infectiul l(;aves of annual stock (Alathiola incana 
var. armua)^ chlorotic mottling and vein banding devcJop, followed by 
bleaching and necrosis. The plants are usually stunted. The 
flowers show breaking in the fonn of light flecks or streaks. In black 
ring on this host (9), mottling and bleaching of the leaves and breaking 
of flowers occur. 

Dames Roc ket and Siberian Wallflower 

In dames rocket {IJesperis rnatronulis) and Siberian wallflower 
{Gheiranthus allionii)^ systemic infection results in stunting, con- 
spicuous mottling, and some malformation (fig. 7). The symptoms 
on these hosts are not unlike those caused by the cabbage mosaic 
virus {2), 

Rape, Turnip, Rutabaga, and Radish 

In rape (Brassim napus), turnip (B. rapa), rutabaga {B. campestris 
var. napobrassica)^ and radish (Raphanus satims)^ the early lesions on 
systemically infected leaves are chlorotic at first, and, as in cabbage, 
necrotic rings develop later. Various degrees of leaf distortion and 
stunting occur. It is to be noted that the black ring virus did not 
infect radish (9), 

Shepherds-Purse, Garden Cress, Pennycrbss, and Hoary Alyssum 

Shepherds-purse (Capsella hursa-pastoris) , garden cress (Lepidium 
sativum) y penny cress (Thlaspi arvense), and hoary alyssum {Berteroa 
incana) exhibit slight vein clearing with dwarfing of new growth and 
chlorosis. In 10 to 15 days after inoculation, early symptoms on 
older leaves appear as chlorosis of the interveinal areas with a down- 
ward curling of the leaf and slight mottling followed by necrosis and 
defoliation. The younger leaves are malformed and curled, giving 
the appearance of rosette disease (fig. 8, A). 
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NONCKUCIFEROUS HOSTS 

Tompkins et al. {9) secured systemic infection with the black ring 
virus in lambsquarters {Chenopodium album L.), sowbane (6\ murale 
L.), and spinach {Spinacia oleracea L.), although they failed to recover 
the virus from infected plants. No infection was obtained in sugar 
beet (Beta vulgaris L.) nor Swiss chard {B. vulgaris var. cicla L.). The 
writers secured infection in sugar beet, mangel, Swiss chard, and 



Fkjure 7. — A, Leaf from inoculated dames rocket plant infected with the ring 
necrosis virus, showing conspicuous mottling; 13, uninoculated control. 

spinach with the ring necrosis vhus. On the first three of these, 
numerous small dark local spots appeared at the distal portion of the 
systernically infected leaf without mottling or vein clearing. The 
spots increased in size and number, and the entire leaf gradually 
became dry and brittle. Infected spinach leaves (var. Bloomsdale) 
showed vein clearing and a conspicuous progressively chlorotic 
mottling. The growing point was stunted and the plant formed a 
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pathological rosette, while the leaves became distorted and died 
prematurely (fig. 8, C). No infection occurred on lambsquarters. 

Most crucifer viruses are infectious to various members of Nicotiana, 
Smith {4) reported that the ring spot virus caused necrotic lesions on 
inoculated leaves of tobacco {N, tahacum L.) in 7 to 10 days. On 
N, langsdorffii Schrank, local lesions and systemic mottling occurred. 
On N. glutmosa. L,, large local necrotic lesions appeared on inoculated 





Fkjure 8. — Aj Shepherds-purse; A, Symptoms of systemic infection by ring 

necrosis virus, showing chlorosis, leaf curl, and dwarfing; B, healthy control. 
C, Z>, Spinach: C, Virus-infected plant showing systemic chlorotic mottling and 
stunting of terminal bud leaves; 2>, healthy control. 

leaves, and a mottling of light-green and yellow specks appeared on 
younger leaves. This disease was commonly fatal to young plants. 
Rather similar reactions of these three species to the black ring 
virus are reported (9 ) . 

In the case of the ring necrosis virus, necrotic lesions appeared in 
3 to 4 days on tobacco (var. Connecticut Havana No. 38). They 
enlarged rapidly up to 3 mm. or more in diameter, the necrotic tissue 
forming concentric rings around a reddish center with a darker band 
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at the margin (fig. 9). No systemic infection occurred. In Nicotmna 
glutinosa no local lesions occurred. The early systemic symptoms are 
small diffuse chlorotic lesions that become more conspicuous as slight 



Figure 9. — Necrotic local lesions produced on leaf of Nicotiana tabacurn by ring 

necrosis virus. 

necrosis develops at the margins. Necrosis gradually involves the 
entire leaf, but the virus is not fatal to the plant (fig. 10, A), In 
N, langsdorffii as well as in N, rustica L. and N, repanda Lehm., there 
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healthy cucumber plant (uninoculated control). ^ ^ ^ 
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are likewise no local lesions. The systemic symptoms, like those of the 
ca bbage mosaic virus (^), are chlorosis and pronounced mottling (fig. 11). 

In petunia (X Petunia hybrida Vilm.) the black ring virus caused 
chlorotic rings, curling and puckering of leaves, and stunting. Infec- 
tion of this plant (var. Summer Pink) with ring necrosis virus is 
characterized by slight vein clearing and small irregular scattered 
(‘hlorotic lesions with little or no necrosis. Bleaching and dropping 
of heaves follow, and there is considerable stunting. Sectorial breaking 



Fioure 1 1 - Symptoms produced on leaves of Nicotiana langsdorffii by systemic 
infection with ring necrosis virus: Systemically infected leaf showing 

conspicuous, irregular chlorotic lesions; ii, leaf from uninoculated central. 

in the form of streaks results in malformed and undersized flowers 
(fig^. 12, A and C), 

Zinnia {Zinnia elegans Jacq., var. Fantasy Yellow) when infected 
shows vein clearing and slight mottling followed by leaf twisting and 
severe stunting. In calendula {Calendula officinalis L., var. BalPs 
Orange) the first symptoms appear as vein clearing and are followed 
by clfiorosis and stunting. 

The black ring virus did not infect cucumber {Cucumis sativus L.). 
When the ring necrosis virus was inoculated in the Chicago Pickling 
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Figure 12. — Symptoms produced by ring necrosis virus on petunia: Vein 

clearing and scattered chlorotic lesions of leaves on normal green background ; 

uninoculated control; C, sectorial breaking of flower, accompanied by dis- 
tortion and stunting; D, uninoculated controL 
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variety systemic symptoms appeared as numerous small chlorotic 
lesions (%. 10, B). 

Infection was not obtained on the following species in attempts to 
inoculate them by the abrasive method or by the transfer of aphids 
known to be vectors of the ring necrosis virus: Lainbsquarters {Gheno- 
podium album L.) ; broadbean (Viciafaba L.) ; nasturtium {Tropaeolum 
majus L.), var. Golden Gleam; pansy {Viola tricolor L.), var. Black 
King; celery {Apium graveolens L.), var. Golden S(df-Blanching; 
tomato (Lycopersicon esculentum Mill.), var. Globe; currant tomato 
(L. pimpinellijolium (Jusl.) Mill.); potato {Solanum tuberosum L.), 
var. Irish Cobbler and liural New Yorker; nightshade {S. nigrum L.); 
eggplant {S. melongena L.), var. Black Beauty; Nicotiaria sanderae 
Bailey; N, longijlora Cav. ; ISf. nudicaulis S. Wats. ; jimsonweed {Datura 
stramonium L.); snapdragon {Antirrhinum majus L.), var. (rust- 
resistant strain); muskmelon {Cucumis melo L.), var. Milwaukee 
Market; watermelon {Citrullus imlgaris Schrad.), var. Stone Moun- 
tain; dandelion {Taraxacum officinale Weber); China-aster {Colli- 
stephus chinensis Nees), var. Giant Blue (wilt-resistant strain); 
Fnuicli marigold {Tagetes patula L.), var. llarmony; and florists 
cineraria {Senecio cruenius (L^Her.) DC.), var. Multiflora Nana. 
vSubsequent rcunoculations to young cabbage and tobacco with the 
extracted juice from th(‘ foregoing inoculated plants failed to cause 
infection. 

TRANSMISSION OF THE VIRUS 

'riie strain of the ring necrosis virus used in the (ixperiniental 
studies on insect transmission was obtained from systemically infected 
mature cabbage grown at Madison, Wis. After the establishment 
of the virus on healthy cabbage seedlings by meclianical inoculation, 
a constant source of fresh inoculum was maintained in the greenhouse 
on this host. The virus remained virtually unchanged through suc- 
cessive transfers. All inoculations were conducted in a greenhouse 
where the tempi'rature usually ranged from 22° to 25° C. and where 
weekly fumigation was practiced for the control of insects. The 
artificial inoculations of test plants were regularly made by dusting 
the leaves with powdered carborundum and lightly rubbing with a 
small piece of absorbent cotton soaked with juice ('xtracted from 
diseased cabbage plants. 

Studies on insect transmission of this virus involved the use of the 
green peach aphid {Myzus persicae (Sulz.)) and the cabbage aphid 
{Brevicoryne brassicae (L.)). The methods of culture and transfer 
of the aphids were essentially the same as those described in a recent 
paper {2). Healthy cabbage seedlings infested with nonviruliferous 
aphids and uninoculated plants fre(‘. of aphids served as controls. 
Keinoculations from all test plants for the recovery of the virus 
were made to cabbage seedlings to determine the presence of the ring 
necrosis virus. It was determined by repeated trials that both species 
of aphid transmit the ring necrosis virus readily. 

PROPERTIES OP THE VIRUS 

Undiluted juice expressed from recently infected cabbage was used 
for the study of the properties of the ring necrosis virus. Young 
cabbage plants were used as test plants. The results are given in 
table 1. 
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Table 1. — Properties of ring necrosis virus in vitro as determined hy infection on 

cabbage 

l2/i plants used in each testj 


Longevity in vitro 

Thermal inactivation 

Tolerance to dilution 


1 Plants infected in 

Temper* 
atiu^ (10- 
minute 

1 I’lants infected in 


Idants infoctcul in 

JNjrlod ftged at 20®'-22® G. 
(hours) 

trial No.- 

— 

trial No.- 

— 

Dilution 

trial No.- 

— 











1 

2 

3 

{)eriod) 

1 

2 

3 


1 

2 

3 


No. 

No. 

No. 


No. 

No. 

No. 


No. 

No. 

No. 



2ri 

25 

25 

40 

25 

25 

25 

0 

25 

2:1 

24 

(). 

25 

25 

25 

43 

24 

22 

23 

1:25 

22 

23 

24 

12. - 

24 

2:1 

22 

45 

22 

21 

20 

1:50 

16 

15 

14 

24 . 

18 

16 

20 

48 

14 

15 

13 

1:100 

6 

5 

7 

36 

3 

2 

4 

50 

0 

0 

0 

1:500 

2 

2 

2 

48 ... 

0 

0 

0 

52 

0 

0 

0 

1:600 

0 

0 

0 

00 

0 

0 

0 

54 

0 

0 

0 

1:700 

0 

0 

0 


In tabic 2 the inactivation points recorded in the literature for other 
crucifer viruses are listed in comparison with those of the ring necrosis 
virus. Insofar as thc^se physical propertitis are concerned, the latter 
resembles most closely tlui cabbage black ring virus and the cabbage 
mosaic virus, but dilfers from them very definitely in having lower 
iluTinal and dilution inactivation points. It has many points of 
difference in host ranges and symptoms from all others except the cab- 
bage black ring virus. As already stated, in symptoms produced on 
cabbage it r(isembles the black ring and ring spot virus(‘s. The last 
of these is not described adequately enough by Smith (4) to pcM’init 
comparison, because no ])hysical ])roperties were recordcMl and the 
host rang(‘. and symptoms were studied in only a limited way. The 
chief distinctions b('tw(H>n the ring necrosis virus and the black ring 
virus, aside from the differences in physical properties just mentioned, 
are infectivity of radish, sugar beet, and chard by the former, the 
difl'erence in optimal temperatures for disease development, and 
differences in symptoms on various common hosts already mentioned. 

Table 2. — Inactivation points of ring necrosis virus for longevity in vitro and for 
resistance to high temperatures and dilutions, compared with those recorded for 
other crucifer viruses 


Virus 

Authority 

Point at which inactivation oc- 
curred after indicated treatment 

l*eriod 
aged in 
vitro 

Tempera- 
ture (10- 
minute 
period) 

Dilution 

Ring necrosis 

Turnip mosaic. . . . . . 

Caulinower mosaic 

Chinese cabbage mosaic 

Turnip mosaic 

Larson and Walker. 

Hoggan and Johnson (i) 

Tompkins (6) 

Tompkins and Thomas (10) 

Tompkins (fl) 

Hours 

48 

72 

360 

96 

48 

48 

144 

102 

384 

72 

^C. 

50 

54 
75 
75 
63 
57 
60 
60 
68 

55 

1:000 

1:100,000 

1:2,000 

1:6,000 

1:4,000 

1:1,000 

1:5,000 

1:4,000 

1:15,000 

1:2,000 

Cabbage black ring . 

Mild stock mosaic 

Severe stock mosaic... 

Tompkins et al. (9) 

Tompkins (7) 

Radish mosaic 

Tompkins (8) 

Cabbage mosaic 

Larson and Walker {K) 
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SUMMARY 

Ring necrosis is a virus disease of cabbage, wJiicli is here described 
in comparison with other crucifer virus diseases. 

The virus infects all crucifers tested, including some 25 species and 
subspecies or botanical varieties, and certain other noncruciferous hosts, 
including sugar beet, chard, spinach, tobacco, Nicotiana glutinosay N. 
langsdorffi N, rustica^ N. rejmida^ petunia, zinnia, and calendula. 

The virus is transmitttul readily by mechanical inocuhition and by 
tlie green peach and cabbage aphids. 

The physical properties investigated are distinct from those already 
reported for other crucifer viruses. 
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MERCURIC CHLORIDE AS A PRESERVATIVE OF CYANO- 
GENETIC PLANTS FOR CHEMICAL ANALYSIS ' 

By Rbinhold R. Bribse, assistant chemist^ and James F. Couch, formerly chemistf 

Pathological Division^ Bureau of Animal Industry ^ United States Department of 

Agriculture 

INTRODUCTION 

III a previous publication ^ it was shown that cyanogonetic plants 
could be preserved for chemical analysis by means of mercuric chloride 
for periods ranging from 3 months for dried plants to 6 months for 
fresh plants. Attention was called to the fact that plants so preserved 
gave higher yields of hydrocyanic acid on analysis than plants not so 
preserved, indicating that the customary methods of analysis lead to 
low results in most cases with considerable error in a number of 
instances. 

The study was continued to determine how long samples of cyano- 
genetic plants might be preserved with different quantities of mercuric 
chloride without undergoing appreciable loss of hydrocyanic acid. 
Since mercuric chloride exerts an inhibiting effect on the enzyme, thi‘. 
study was designed also to determine the length of time the enzyme 
requires to liberate the maximum obtainable amount of hydrocyanic 
acid with the different concentrations of mercuric chloride used. 

EXPERIMENTAL PROCEDURE 

Tlie general procedure was the same as that outlined in the earlier 
publication.'*^ 

Fourteen varieties of sorghum grown at the United States Bureau 
of Plant Industry experimental farm at Arlington, Va., were placed 
at the disposal of the authors through the courtesy of John H. Martin 
of that Bureau. During the years 1937 and 1938, 159 collections of 
material from these varieties were made. The tissues were comminuted 
either by slicing young plants finely or by mincing older jilants in a 
food chopper. The product was immediately mixed thoroughly and 
samples, usually 50 gm., of the mixed mass were weighed for the various 
treatments as rapidly as possible to minimize the loss of hydrocyanic 
acid which occurs when ground green plant is exposed to the air. In 
order to obtain uniformity at the beginning of the experiment, in a 
series of samples that were to be compared, all the samples were 
covered witli watcu' at the same time. The hydrocyanic acid content 
in one sample was then determined in water by immediate distillation 
without maceration and in another after maceration for 24 hours. 
The remainder of the samples were weighed into pint fruit jars, which 
were then filled with water containing, in solution, 1 to 5 percent of 
mercuric chloride, calculated on weight of plant. The preserved 
samples were analyzed at intervals of several weeks to 2 years. The 
number of samples preserved from each collection depended on the 

* Kooeived for publication October 17, 1940. 

* Briss£, Reinhold R., and Couch, JAMEti F. i‘REaERVATiON of cvanooknktic tlants for chemical 
ANALYSIS. Jour. Agr. Res. 67: 81-107, illus. 1938. 

* Briese, Rsinhold R., and Couch, James F. Sec footnote 2. 
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(juahtity of material and time available and on the object in view. A 
moisture determination was made on each collection of plant. Care 
was exercised to see that the volume of water used in the preservations 
was uniform and not large. It has been found that diluting the 
preservative with water during maceration diminishes its preserving 
power. When mercuric chloride was added in proportion to the 
increased volume of water added, the preserving power was main- 
tained, but a longer time was required for complete cyanogenesis in 
the sample. 

Samples of two species of wild cherry (Prunus rnelanocarpa and 
F. serotina) and one species of arrowgrass {JHglochin maritima) were 
also obtained in 1937 and 1938 and preserved in 1 to 5 percent of 
mercuric chloride. 

The samples of Prunus rnelanocarpa and of Triglochin maritima 
were colle‘.cted, ground, and preserved by E. A. Moran of the Bureau 
of Animal Industry at the experiment station at Salina, Utah. The 
material was preserved immediately after collection and no moisture 
determinations were made. The samples were then shipped to the 
laboratory in Washington, D. C., where the analyses were made. 
Under these conditions it was not possible to carry out the analyses 
in water by immediate distillation or after 24-hour maceration. 

The Prunus serotina> was collected in Arlington, Va., immediately 
before use. The leaves were ground in a food chopper, mixed, and 
rapidly weighed, usually f)0-gm. samples being taken. At this point 
the series of samples was quickly flooded with water to assure the 
greatest possible uniformity in the series, as in the sorghums. The 
hydrocyanic acid content of one sample was then determined in water 
by immediate distillation without maceration and in another after 
maceration for 24 hours. The remainder of the samples were pre- 
served in 1 to 5 percent of mercuric chloride calculated on weight of 
plant and analyzed at suitable intervals. A moisture determination 
was made on each collection of P. serotina. 

SOURCES OF ERROR 

The greatest difficulty in preservation was encountered with young 
plants, owing to the fact that cyanogenesis is more rapid in young 
tissue, and Toss of hydrocyanic acid while the samples are being 
prepared for preservation is unavoidable. This loss would be less in 
routine analysis because fewer samples would be used than in the 
present e^xperiment and less time, therefore, would elapse between 
mincing or slicing of the plants and immersion in the preservative. 
This fact accounts in part for the 9 out of a total of 145 analyses in 
which the values for the unpreserved samples were higher than or 
equal to those for samples preserved in mercuric chloride. In the 
early part of the season of 1937, before the main sources of error were 
recognized, the samples for analysis without preservation were 
weighed first and sometimes immersed in water before the remainder 
of the samples were weighed for preservation. In order that the 
sample for immediate analysis might bo distilled by noon and the 
sample for 24-hour maceration might be ready for distillation the 
next day early enough to be finished by noon, these two samples 
were immersed in water as soon as they had both been weighed. 
Mtianwhile, weighing of the series was suspended for a few minutes. 
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Distillation was begun immediately on the first sample. The samples 
for preservation were then rapidly weighed, but the short time that 
had elapsed was no doubt sufficient to allow a greater loss of hydro- 
cyanic acid than in the case of the two samples not preserved. This 
source of error was eliminated as soon as the 4-week preserved samples 
were analyzed and the error discovered. Even with this advantage, 
more than 93 percent of tlie unpreserved samples gave lower results 
than were obtained after preservation. In some cases the former 
were 20 to 30 percent lower than tlic latter. 

In comparing the samples for the efficiency of the preservative in 
different strengths and for different periods of time, 3 percent was 
allowed for experimental error, this allowance lieing based on previous 
findings. Differences greater than 3 percent were considered as 
significant. 

EFFICIENCY OF 1 PERCENT OF MERCURIC CHLORIDE 

In the experiments involving 1 percent of mercuric chloride, the 
results obtained with sorghums are presented in tables 1 and 2, and 
those witli wild cherry and arrowgrass in tables 3. 


Tarle ]. — Hydrocyanic acid obtained from green sorghnm. in tt)37 after maceration 
in vmter only ami in •water containing 1 percent of mercuric chloride calculated on 
weight of plant 






lIydrocyar)i(‘ acid ptT UK) gm. 

of »lry plant 






obtained after - - 






Height 

Mois* 


Maeer- 
at ion 
for 24 
hours 
in 

water 

Mawration witii 1 |H*rcent of 

tion 

Variel y 


lure 


mercuric chloride in solution 

No. 

plant 

content 

No 

for 

the 

designated 

number 




macer- 

ation 

of wwks 









4 

12 

26 

52 

78 

104 



Jnchey 

Percent 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

99 

Ajax.- .. . 

f'hiltex 

60- 72 

68. 62 


16 

16 







17 

8-10 

80. 73 

41 


46 






15 

Dwarf yellow inilo 

12-14 

81. 11 

21 


4.3 







16 

do . . 

10-13 

83. 75 

81 


127 

132 





26 . 

do- . 

30 

79. 08 

.53 

67 

7.5 

69 

68 


76 

4;i 

- do 

8-10 

87. 14 



221 

215 

218 

215 


206 

22 

Hepari 

18 

85. 42 

62 

5K) 

IDS 






.'10- 

-do 

30-36 

79.63 

25 

41 

47 

. _ . 


44 



r^7 

do . 

36-48 

76.86 

15 


35 


35 




60 - 

do - 

20-22 

80. 40 

110 

225 

2.38 






62 

-.do 

36 

75. .54 

129 

149 

244 


2.50 

242 


226 

72-.- 

do 

60-72 

76. 93 

81 

122 

189 

182 

188 

182 

191 

174 

81 

- do 

60 

73. 14 

45 

107 

124 


135 





do 

6-12 

88.91 

243 

.330 

133 

341 

,3.36 

344 




84-.- 

do 

mi 72 

70. 46 

67 

146 







89 

...do - 

60-72 

74. 75 

56 

126 

147 






96 

(io , ... 

60-72 

70. 82 

33 

83 

93 


88 



66 

102--. 

...do.. 

60-72 

70. 79 

24 

55 

fW 


6:i 




103 

104 

105 - 

do . - 

--do 

do .. 

60-72 

72-84 

72 

74. 19 
76.23 
73. 05 

33 

21 

17 

55 

42 

28 

68 

50 

31 

47 

77 

48 










107 - 

112 

do 

72 

72-84 

72.22 

15 


45 


■"44’ 




do - - . . - 

62. 76 

10 

' 21 

28 





116 

do - 

72-84 

70.70 

13 

23 

29 


24 




19. .... 

.Kansas Orange sorgo 

16-18 

86.71 

55 

92 

111 


110 

110 






20. 

do 

6- 8 

83. 03 

97 

119 

122 





, . 

42. 

do 

6- 8 

86.11 



2.34 

263 


263 



32 

Sharon kafir 

3- 6 

8.3. 49 

’ 92 

'U)4 

98 

III 

107 

104 


lol 

46 

do - 

10-12 

85.58 

101 

126 

139 






49,. 

do 

10-12 

14-16 

86.23 

.53 

104 

116 



112 



52 

...do.. 

87. 14 

82 

96 

138 

140 





55- 

do 

20-22 
.30-36 
36 ; 

84.03 
86. 42 

57 

76 

96 






59-- - 

. do .. 

119 

174 

182 






63 

do 1 

32 

57 

65 
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Table 1. — Hydrocyanic acid obtained from green sorghum in 19S7 after maceration 
in water only and in water containing 1 percent of mercuric chloriae calculated on 
weight of plant — Continued 


Hydrocyanic acid per 100 gm. of dry plant 
obtained after — 


Collec- 

tion 

No. 

Variety 

Height 

of 

plant 

Mois- 

ture 

content 

No 

maot»r- 

ation 

Macer- 
ation 
for 24 
hours 
in 

water 

Maceration with 1 mrcent of 
mercuric chloride in solution 
for the designated number 
of weeks 

4 

12 

26 

52 

78 

104 



Inches 

Percent 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

08 

Sharon kafir 

36 

77 . 12 

34 

69 

79 

7.6 

82 




74 

do - 

60 

82.23 

32 

61 

70 

65 

63 




77 

- do. 

60-72 

7.6. 65 

29 

.68 

73 


68 




87 

do. 

60-72 

74. 15 

13 

24 

31 

28 

27 




94 

...do. 

60-72 

74.52 

11 

9 

20 


15 




lOl.. 

. do - 

72 

76.10 

12 

20 

21 


18 




UK. 

do .. 

72 

74.78 

8 

10 

11 






116 

do 

72 

74. 06 

12 

13 

16 






120 

do 

72 

72. 9.6 

8 

8 

15 






14 

Spur foterita . 

3- 6 

82.81 

278 

297 

277 






27 


.3- 6 

82. 95 

263 

303 

271 






34 

do - 

24-30 

82.2:1 

50 

89 

96 

96 





44 . 

.do . 

.3- 6 

86. 87 



290 



292 



46 ... . 

- do 

8 

8.6.45 

213 

253 

265 



275 



47 

-.--do 

24-30 

78.46 

24 

46 

52 



47 



48 

do 

8-10 

86. 1.6 

183 

190 

233 

226 

240 

238 



M) 

do . - - 

30-36 

76.27 

22 

41 

47 



48 



m. ... 

do 

14-16 

87.29 

205 

241 

260 






.63 

do 

20-24 

80.72 

127 

176 

214 

21.6 





,64 

... .do 

20-24 

86. 80 

128 

180 

188 

203 





.68. 

do. .. 

36-48 

85.20 

76 

91 

102 


91 




04 

-.do . 

48-60 

76.71 

114 

162 

202 


204 



180 

00 

do 1 

6-12 

85.69 

191 

220 

270 


270 

264 


256 

07 

..do 1 

6-12 

83.18. 

137 

193 

228 






09 

- do . 

72 

75. 63 

82 

154 

172 

167 





73 

do . . 

72 

7:i. 71 

68 

121 

163 

1.61 

1.61 


i2.6 


70 

..do - 

72-84 

73.17 

36 

73 

81 


77 




78. . 

. . do 

12-20 

85. 37 

121 

174 

174 


178 




80. 

...do 

72-84 

72.19 

43 

86 

96 

100 

96 




82 

...do «... - 

12 

87.78 

ZM 

269 

.301 

:i03 

318 




80 

do - 

84-96 

72.61 

36 

76 

83 

84 

83 




88 

do 

84-96 

66.24 

21 

43 

49 


46 




93 

...do. . - 

84-96 

71. :i6 

31 

36 

41 

41 

37 




KM) .. 

.do - . - . 

84-96 

70.25 

10 

16 

16 


16 




106 

do 

60-72 

70.50 

20 

34 

48 






no... 

do 

84-96 

64. 69 

21 

38 

49 






113 

-...do 

12 

86. 41 

164 

191 

228 

235 

234 


226 


114, .. . 

.do - . - - 

84-96 

70. 67 

12 

14 

21 


19 




117 

do * . 

6 

84. 12 

227 

243 

300 






lift 

-.-do - 

84 

72.22 

8 

8 

21 






23 

Sumac sorgo -- - 

14 

86.61 

31 

53 

66 


67 

61 


66 

24 

— do.. 

20 

88.93 

54 

72 

106 


106 

101 


104 


I Second-growth plants; all others first growth. 
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Table 2. — Hydrocyanic acid obtained from green sorghum in 1938 after maceration 
in water orUy, and in water containing 1 percent of mercuric chloride (calculated 
on weight of plant) j except as otherwise indicated in footnotes 


Hydrocyanic acid iwr 100 f?m. of dry plant 
obtained after — 


(’ollection 

No. 

Variety 

Height 
of plant 

Mois- 

ture 

content 

No 

inactir- 

atioii 

Mawr- 
ation 
for 24 
hours in 

Maa^ration with mercu- 
ric chloride in solution 
for the designated 
number of weeks 

water 

4 

8 

26 

52 



Inches 

Percml 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

. ... 

Ajax 

30 

74.38 

65 

103 





92 

...do 

72 

72. 95 

28 

57 

71 

71 



lOS 

do - - 

60-72 

72.42 

10 

20 

38 

38 



105 . 

Atlas sorgo . 

0(> 108 

74. 50 

12 

24 

28 

28 



00 . 

Dwarf Yellow in ilo 

60 

77. 04 

44 

68 

83 

1 84 



03 


84-06 

71.51 

16 

25 

40 

40 




Grohoma . - 

72-84 

73. 67 

28 

63 

60 

72 



01 

... do . - 

72-84 

73. 73 

23 

49 

66 

69 



100 

.do * 

10 12 

85. 67 

IMi 

128 

130 

138 



124 


(V 10 

82.6:1 

70 

i:i2 

1.58 

138 

1.55 


31 

Hegari.. 

6 

82. 51 


236 

» 288 


1 325 


33 

- do 

6- 8 

84. 36 


324 


1 2 fM) 

1 3:17 

1 :i 2 o 

40 

do 

8 12 

89. 47 


400 


' 312 

1 316 


43 . 

do 

18-22 

81.24 


171 


' 200 

1 267 


15 - 

do 

30-36 

83. 16 


176 


' 218 



47 - 

- do 

:40 

79.08 


03 


• 1:45 

> 1.57 


4X . 

(1o . 

30 

67. 55 


113 


> 121 



49 . 

do 

30 

75.02 


100 


' 114 



50 

do.. 

:40 

75. 91 


05 


1 134 



51 

.. .do . . .. 

30 

70. 55 

fM) 



' 09 



52 . .. 

- do 

30 

79. 02 

89 


11.5 

I 117 



53 

- do. 

30 

78.28 

70 


120 

' 142 



54 

(lo . . 

30 

7i.:i4 


82 


> 99 



55 


30 

69. 94 

43 

78 


' 80 



50 

do . 

30 

75. 73 

46 

01 


1 113 



5S 

do 

36 

82. 44 

134 

127 

173 

1 103 



01 

.do 

36 

81.96 

105 


88 

1 73 



02 . ,, 

...do.. - 

36 

81.55 

1.52 


1.50 

J 193 



04 

do 

42 48 

77.00 

121 

157 

175 

I 266 



05 .. 

do - 

36 

80. 73 

148 

138 

142 




70 ... 

do 

60 

81.68 

134 

140 

180 

218 



71 

do2 . . 

6 12 

89. 98 

217 

276 

280 

;40O 



73 . . 

— do 

48 

82. 40 

77 

144 

128 

151 



74 . 

do 

36-48 

81.80 

77 

90 

i:i2 

145 



70 

. do 

60-72 

72. 74 

78 

80 

145 

1.54 

1.50 

1.57 

S7 . . 

do .— 

72-84 

76.62 

68 

127 

136 

141 



05 . . 

do 2 

6-10 

87.01 

280 

288 

323 

367 

385 

379 

07 

do.. 

72-84 

74. 02 

.59 

120 

140 




102 

do . 

72-84 

78. 10 

40 

70 

88 

82 



107 

do 

<Ml-72 

83. (;4 

05 

193 

208 

210 



no . 

do . . 

72-84 

74. 46 

28 

58 

72 

69 

66 


112 

do 2 

r>-io 

88.20 

214 

385 

4:10 

f 482] 



113 

do 

72-84 

72.71 

15 

26 

32 

V 474/ 
f 31] 
1 ‘ 32/ 

32 


118 

do 

72-84 

73. 25 

47 

86 

90 

104 

1 105 


127-. 

do 2 

6-8 

85. 55 

216 

263 

320 

.397 



84 

Kansas Orange sorgo 

84-96 

75. 61 

46 

78 

93 

101 



08 

do. - - 

96 

75. 82 

19 

.54 

57 

63 

* 66* 


123 

do* 

10-12 

86.62 

37 

.53 

98 

98 

106 


81 

Looti sorgo 

96 

72. 55 

24 

56 

50 

60 



00 . . . 

..do 

96 

74. 60 

13 

27 

35 

3.5 



83 

Rex 

96 

75. 84 

33 

48 

65 

68 



99 , 

_. .do - 

96 

68. 75 

13 

21 

29 

26 



78 

Sagrain 

72-84 








04 

do 

72-84 

75. 06 

15 

42 

‘ 4:4 

43 



116 

do * 

6-10 

87.01 

95 

140 

1.55 

1.54 



34 

Sharon kafir 

8-12 

85.26 


145 


> 168 

1*175 

1 174 

40 

do 

36 

83. 91 


75 


188 

1 108 


67 

fifl 

48-60 

78. 30 

■ 24 

43 

'*48 

.50 



75 

Hn 

72 

76. 51 

10 

46 

41 

41 



82 

.do 

72 

76. 49 

23 

33 

34 

38 



90 

do 

6-12 

85.50 

79 

89 

104 

106 

ioo 

* no 

103 

do 

60-72 

75.05 

16 

25 

29 

29 



115 

. .do* 

12-14 

86. 41 

35 

36 

03 

97 

'94 

■**85 

126 

.....do 

72 

72.11 

10 

14 

13 

16 

22 



^ 2 percent of mercuric chloride. 

* Second-growth plants; all others first growth. 
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Table 2.“ Hydrocyanic acid obtained from green sorghum in 1938 after maceration 

in water only^ and in water containing 1 percent of mercuric chloride {calculated 
on weight of plant) except as otherwise indicated in footnotes — Continued 







1 Hydrocyanic acid per 100 gm. of dry plant 







obtained after 



Collection 

No. 

Variety 


Height 
of plant 

Mois- 

ture 


Mawr- 

Maceration with mercu- 
ric chloride in solution 



content 

No 

ation 

for the 

1 designated 






macter* 

for 24 

number of weeks 






ation 

hours in 











watfT 

4 

8 

20 

52 


Spur fctcrita - . 


Inchest 

Percent 

Mo. 

Mo. 

Mo. 

Mo. 

Mo. 

Mo. 

r,7 . 


a&-48 

80. 10 

108 

145 

103 

I 171 



- - . , do 


72 

74.84 

no 

160 

187 

188 

108 

183 

HfL 

do . 


72-84 

75. 22 

74 

122 

130 

140 



KK 

do 2 . 


0-12 

80. m 

202 

211 

200 

270 



104 . 

do 2 


fi-10 

87.44 

.mi 

888 

4o;t 

484 

478 

485 

Ill - 

do 2 _ 


8 12 

88. 22 

202 

444 

447 

4.30 

404 

413 

IHI 

do 2 


8-14 

81. 

40 

104 

180 

100 

108 

183 

122 

do 2 


8-10 

85. i.a 

105 

227 

250 

275 



120 . 

do? 


10-12 

85. 0.8 

78 

1.54 

174 

208 

100 


128 . 

. .._.do2.- 


0- 7 

84. 40 

140 

1.55 

230 





Sumac sorgo 


8- to 

8.5. 10 


238 


1 240 


‘ 257 

42 

. do - - 


12-1 G 

85. 05 


205 


‘ 272 



50 

(hi 


00 

80.81 

8.8 

114 

158 



m 

do 


72-84 

70. 04 

02 

85 

120 

1 130 

1 131 


77 

- do 


84-00 

72. 50 

40 

05 

114 

114 



80 

do 


84-00 

ri. 10 

51 

100 

107 

107 



80 

clo - 


84-00 

70.71 

51 

IKl 

108 

no 



114 . 

. do . 


IHi 

75. 22 

80 

.58 

70 

78 

71 










I 84 



120 

<lo2 


0-10 

87. 21 

loa 

170 

220 

2.32 

2.58 



' 2 percent of mercuric chloride. 

2 Socond-Rrowth plants; all others first growth. 


Table 3. — Hydrocyanic acid obtained from u4ld chetiy {Primus mdanocarpa and 
P. serotina) and from airowgrass {Triglochin nmitima) after maceration in 
water only or in water containing 1 percent of mercuiic chloride calculated on 
weight of plant 





Hydrocyanic acid per 100 gm. t)f plant maccrat(*il in - 

C«)lle(;- 

riant 

Mois- 


1 Mercuric chloride for the designated number 

tion No. ! 

content 

Water 
for 24 



of weeks 






hours 












4 

8 

13 

20 

52 

78 

101 



Percent 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

3'' 00 

PrunuH melanocarpa i 



130 

136 

136 

2 120 

118 

115 

105 

37-4)0A . „ 

doJ 



120 





126 


.37-70 __ _ 

do ^ - - _ 



120 

122 

121 

115 

112 

■ 

.5-37 

P, serotina 3. 

73.22 

428 




* 462 

426 



0-37 

do 3 „ 

65. 93 

281 


244 

232 

240 




11-37 

do K . 

65. 14 

2.55 

252 


256 

251 

238 



33-37 

do 3 . 

02.64 

438 

457 



460 



37-01 

lytolochin marltima ^ 



101 



1 98 

'“go 


37-62 _ 

do> 



122 

131 

130 

120 

1 121 

114 

104 

37-62 A... 

. . do * - 



59 



50 

37-68 

. , do 1 



12 


13 

10 

10 















1 Calculated to green plant for which moisture determinations are not available. 

2 30 

> Calculated to moisture-free plant. 

4 35 weeks. 

In the case of the sorghums, for each period of time in both years, 
a count was made of the samples with upward, stationary, and down- 
ward trends in hydrocyanic acid content. The data are given in table 
4. In determining the trend in a series of samples, it was necessary 
to ignore certain obvious errors. For example, if the 8-week sample 



April 15, 1941 Preservation of Plants for Chemical Analysis 


499 


was lower than the 4-wcek one, and the 2G-week sample was more than 
3 percent higher than the 4-week sample, then the trend of the 26- 
week sample was upward and therefore thci trend of the 8-week samph^ 
was considered to be upward also. 

Table 4 . — Percentage of total number of sorghum sampleSy after indicated number of 
weeks in 1 -percent mercuric chloride in solution^ showing trends in hydrocyanic 
acid content 


'lYond 


lTi)war(l 
No clmiiuf 
I )ownwai<i 


'I'otnl saiiiplos _ 


1‘ercentrtgo of total sainpU's aftrr - 


8 weeks 
(1938) 


Percent 

r>ri 

39 

it 

i\Hinher 

51 


12 weeks 
(1937) 


Percent 

43 

44 
13 

Sumticr 

23 


26 weeks 
(1937) 


Percent 

15 

51 

34 

Kii Hitter 
39 


26 weeks 
(1938) 


Percent 

47 

29 

24 

i\'u inher 
17 


52 weeks 
(1937) 


Percent 

6 

47 

47 

A'// Hitter 
17 


Percent 

0 

3s 

62 

Number 

8 


52 weeks 
(1938) 


78 weeks 
(1937) 


Percent 

9 

33 

67 

Number 

3 


104 weeks 
(1937) 


Percent 

0 

30 

70 

Nv. mbcr 

10 


As mentioned previously, more than 93 pert^ent of the unpreserved 
samples gave lowtT results than were obtained after preservation. 
Table 4 tdiows that of the samples analyzed in 1938 after 8 weeks of 
preservation, 94 percent were higher than or equal to the 4-wcck 
samples in hydrocyanic, acid content, no r2-we('.k samples having been 
considered. Of those analyzed in 1937 after 12 weeks of preservation, 
87 percent W(‘re higher than or equal to the 4-week samples, no 8-week 
samples having be(?n considered. For both years 70 percent of the 
samples preserved for 26 weeks gave figures Kigher than or equal to 
those for 8 or 12 weeks. Of the 26-week group, the samples having a 
downward trend were 17 in number, 4 of which were near the limit of 
exiierirnental error, 5 were from 6 to 10 percent low, and 8 were from 
1 0 to 20 percent low. 

The time required for complete cyanogencsis, as judged from table 4, 
varied considerably. For the inteivals of 8, 12, 26, and 52 weeks the 
percentages of samples showing an upward trend were 55, 43, 25, and 
4, respectively. Thus with 1 percent of mercuric chloride, 25 percent 
of the samples rexpiired between 8 and 26 weeks for complete cyano- 
genesis. 

In the case of wild cherry and arrowgrass (table 3), with the use of 
1 percent of mercuric chloride there was good preservation for 8 to 13 
weeks and in most instances for 26 weeks. However, it appears that 
1 percent is not sufficient to preserve material of these species when 
the content of hydrocyanic acid is large. 

EFFECT OF HIGHER CONCENTRATIONS OF MERCURIC CHLORIDE 

Data obtained after the preservation of samples in concentrations 
of mercuric cliloride of I to 5 percent and for periods of 4 to 78 weeks, 
(except for one instance of 104 weeks) are presented for sorghum in table 
5 and for wild cherry and arrowgrass in table 6. The higher concen- 
trations of mercuric chloride appeared to give better preservation in 
some cases but necessitated a longer period for complete cyanogenesis 
because of the increased inhibition of the enzyme with increasing 
concentration of mercuric chloride. 
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Table 5. — Hydrocyanic acid obtained from sorghums after mcLceration mth various 
quantities of mercuric chloride in solution for different intervals of time 


Collection No. 

Variety 

45-38 

Hegari 

79-38 

.. .do ... 

9.5-38 

.. do.i' 

118-38 . , 

do 

30-130 

do.3 , 

115-38 

i 

Sharon kafir 

104-38.. 

Spur feterita 

111-38 

do.* 

119 38 

do.* ... 




Hydrocyanic acid per 100 pm. 
of dry plant obtained after 


Mois* 
thre con- 
tent 

Time of 
macera- 
tion 

macemtion in mercuric chlo- 
ride solution of the designated 
strengths in percent * 



! 

2 

3 

4 

5 

Percent 

Weekn 

Mg, 

A/P. 

Mg. 

Mg. 

Mg. 

83. Ifi 

8 

.. 

218 

168 

131 

95 


4 

146 

138 

124 

128 

118 


8 

164 






12 

151 

IKi 

153 

154 



26 

159 

164 

159 

159 

144 


62 

157 

150 

157 

160 

157 


78 


161 

162 

165 

166 


4 

323 

.. 

_. . 





8 

367 

342 




87.91 

26 

386 

389 





62 

379 






78 

380 






4 

99 





73. 25 

8 

104 

KN) 





26 


105 





4 


68 

60 

69 

70 


13 


69 

68 

68 

70 


16 


69 





17 


68 

68 



14.02 

19 


65 

70 

69 



21 


63 

69 

70 

70 


30 



68 

69 

68 


39 





j 69 


52 




68 

69 


4 

93 





86. 41 

8 

26 

97 

94 

103 

no 



' 



52 

85 

91 





4 

463 






8 

484 

*465 




87. 44 

13 

496 

500 





26 

478 

479 





52 

486 

482 





4 

447 





88.22 

8 

26 

436 

464 

420 

442 





52 

413 






4 

186 






8 

190 

'l9i' 




81.33 

12 

202 






26 

198 

‘ioo 





52 

183 

210 





> Calculated on weight of plant. 

» Second growths; all others first growth. 
« Dried plant. 
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Table 6. — Hydrocyanic acid obtained from wild cherry {Prunus melanocarpa and 
P, serotina) and from arrowgrass (Triglochin maritima) after maceration in 
various quantities of mercuric chloride in solution for different intervals of time 


Collection 

No. 

Plant 

Mois- 

ture 

content 

38-91 

P, melanocarpa . . - 

Percent 

74. 98 

38-92- 

do 

77.06 

38-152 

-do 

03. 36 

38-173 

.. do 

01 11 

108-37 

P. serotina 

07.01 

21 -38 

. ..do 

08. 05 

117 '38, 

do - 

57. 75 

38-95 

Trigloch in maritima ^ 


Hydrocyanic acid per 100 gm. of dry 
plant obtained after maceration in— 


Time 
of pre.s- 
erva- 
tlon 

Water 

Mercuric chloride 
the designated 
fwreont 1 

solution of 
strengths in 

1 

2 

3 

4 

6 

Weeke 

Mg, 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

8 


825 





26 


833 

s'ms 




52 


764 

a 794 




8 


895 





26 


888 

a 905 




52 


81 1 

a 803 




8 

251 

313 

309 

301 

284 

293 

13 

239 

314 

311 

300 

301 

318 

26 

201 

316 

311 

327 

323 

327 

.52 


291 

312 

318 

306 

314 

8 

302 

347 

3.53 


347 

338 

26 

232 

348 

373 

374 

3.59 

303 

H 


339 

» 337 




13 


346 

3 345 




26 


340 

3 343 




4 



3«) 

3()8 

3(18 


12 



313 

313 

304 


26 


299 

315 

313 

310 

"304 

52 


292 

321 

326 

319 

305 

104 



319 


306 


4 


512 

5:i5 




8 


615 

.540 




12 



5.56 




2(> 


605 

544 

si(\ 


643 

52 


471 

,503 




78 



.543 




8 

1.36 

178' 

100 




13 ! 

143 

174 

100 

160 

147 

141 

21) 

132 

171 

107 

1.59 

1.58 

149 

78 


155 

100 

160 

155 

160 


1 CalculutcHl on weight of plant, 

* 1 percent of mertniric chloride added 2 months after beginning of experiment . 
» 1.6 percent of mercuric chloride. 

* Calculated to green plant. 


For sorg.hum, tallies 2 and 5 show that in 12 of 14 cases the 2-percent 
26-wcek samples were higher than the 2-percent 8-week samples. 
Therefore, in many cases, for 2-percent mercuric chloride more than 
8 weeks are required for complete cyanogenesis in sorglium. Of the 
26-week samples in 2-percent mercuric chloride, all were higher than 
or equal to the 1-percent 8-week samples of the same collections. The 
three comparable 12- and 13-week samples (table 5) showed that in 
these three cases cyanogenesis was completed in 3 months. In only 
one case did a 2-percent 26-week sample show a loss as compared 
with a shorter period. In only one case did a 2-percent 26-week 
sample with upward trend show a lower value than the 1-percent 
26-week sample with upward trend. It seems safe to conclude that, 
for sorghuin in 2-percent mercuric chloride, cyanogenesis will be 
complete in 3 or 4 months and that the liberated hydrocyanic acid 
will be preserved in almost all cases for 6 months. 

The increased efficiency of 2 percent as compared with 1 percent of 
mercuric chloride in the preservation of wild cherry {Prunus serotina) 
is seen by comparing the data in tables 3 and 7. In table 7 no losses, 
except such as were within the limits of experimental error, were 
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evident in samples preserved in 2 i)ercent of mercuric chloride for 
6 months and in the sample preserved for 1 year. With 1 percent of 
mercuric chloride (table 3), there was good preservation for 8 to 13 
weeks and in most cases for 6 months. 


'Fable 7 .-- Hydrocyanic acid obtained from fresh wild cherry (Prvnus scrolina) after 
maceration in water only or in water containing 2 percent of mercuric chloride 
calculated on weight of plant 


Hydrocyanic acid jM'r 100 gin. of dry plant after inai.vration In - 


(’ollccHon No. 


Water for— 


2-pt'rc<nit mercuric chlorides solution for— 


20- 38 _ 

21- 38.. 
30-38 . 
32-38 
37-38 
117-38 


0 hours 

24 hours 

4 weeks 

8 weeks 

13 weeks 

26 weeks 

52 W<‘eks 

MUliqranm 

Mitligraim 

MiUigraim 

XfilUgraim 

MilUgraim 

Milligrams 

Milligrams 

338 


378 



1 


247 


3(K) 


313 

315 

321 

(H8 

«4fi 

731 



734 


472 


.*>53 

583 




3.% 


400 



410 


332 

4M 


546 

555 

1 

544 



In the case of green sorghum (second sample in table 5), 2 percent 
of mercuric chloride preserved as well as 3 percent for the period 
covered (78 weeks). For dried sorghum (fiftli sample in table 5) 3 
percent preserved better than 2 percent for a period of more than 
20 weeks. 

From the data in table 6 it seems safe to conclude that, for wild 
cherry, in most cases 2 percent of mercuric chloride is as satisfactory 
a preservative as 3 percent, especially for intervals up to 26 weeks. 
In the third sample of wild cherry 3 percent of mercuric chlorides 
preserved somewhat better than 2 percent and as well as 4 or 5 percent. 

For both sorghum and wild cherry higher concentrations of mer- 
curic chloride than 3 percent do not offer advantages to offset th(‘ 
increased inhibition of cyajiogenesis. 

In the sample of green Triglochm inaritima used, however, the 
highest figures were obtained with 1 percent of mercuric chloride, 
indicating that the enzyme of this plant is sensitive to the preservative. 
One percent of mercuric chloride is sufficient to combine with the 
total hydrocyanic acid found in the sample, since 1 gm. of tlui salt 
will combine with 199.2 mg. of the acid. However, many other 
substances in green plants will combine with mercuric chloride so that 
an excess of the salt should be employed. 

RAPIDITY OF FORMATION OF HYDROCYANIC ACID IN PRESERVED 

SAMPLES 

Since it was known that mercuric chloride inhibits cyanogenesis in 
plants, it was of interest to determine how rapidly the hydrocyanic 
acid is formed, particularly during the first 4 weeks of preservation. 
Data for the rate at 2-h6ur intervals during the first *24 hours of 
preservation for wild cherry {Prunus melanocarpa), arrowgrass, 
sorghum, and Johnson grass have already been published,^ together 
with a few data for longer intervals up to 13 days. Data obtained 
at weekly intervals up to 4 weeks, and for longer intervals thereafter, 


< Bbiebs, Rsinhold R., and Cottch, James F. See footnote 2, 
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with the use of 1 percent of mercuric chloride, are presented in table 8. 
1 1 was found that in these samples the maximum figure, within experi- 
mental error, developed in 3 to 4 weeks with two exceptions, in which 
the maximum developed at 5 to 13 weeks. Data for 8-week samples 
are not available, but table 4 shows that for the 1938 sorghums 55 
percent of the 8-week samples gave more hydrocyanic acid than the 
4-week samples. Table 8 shows that cyanogenesis in the presence of 
mercniric chloride is rapid for wild cherry but is slow with sorghum. 
This finding is consistent with other evidence, which indicates that 
the enzyme in wild cherry is very much more active than in sorghum. 
The highest yield of hydrocyanic acid that can be obtained by macera- 
tion in water is ordinarily obtained after 2 to 3 hours with wild cherry 
but only after 24 to 48 hours with sorghum. 


Table S~~ Rapidity of formation of hydrocyanic acid in green cyanogenetic plants 
macerated in water containing 1 percent of mercuric chloride calculated on weight 
of plant 


Uydro<\vanic acid per 100 jini. of dry plant 
obtained after maceration in — 


( 'nllrCtioM 

! 

IMiinl. ’ 

1 .Mois- j 

WabT j 

l-pereent inen;urie chloride solution 1 

No. 





the designated nuinbiT of weiiks 




r<»r2l 1 










i 

hours 



i ' 









1 

2 

3 

4 

13 

2<) 

52 



nercenf 

Afg. 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

0-37 

]*ru'nHt< xerttfinu 

<>.'*. (>0 

309 

313 

312 

312 

327 



1320 

S~37 

do 

<52. 44 

-• 125 

121 

123 

123 

123 


122 


10 37 

...do .. . . 

<59. U8 

2 303 

312 

312 

312 

295 

»321 

C104 


13-37.... ... 

Spur fi'toritu . . 

85. 80 

73 

77 

81 

80 

82 

88 

89 

82 

18-37 

Sorjiluim var. (-hiltex . . 

851.90 

91 

95 

102 

104 

101 


102 

9<> 

21-37 

Kansas Orange sorgo . 

87. 72 

125 

118 

12<5 


128 


129 

121 

31-:i7 . 

Spur feterita j 

82. 25 

179 

155 

157 

177 

175 

175 


M80 


.... - . 





: 







A/r;. 

im 


* <55 weeks. 


Not macerated, the macerated sample beiiifi lower. 
5 weeks; same flfjure for 0 weeks. 

* ;10 weeks. 

9 78 weeks. 


ATTEMPTS TO INCREASE THE RATE OF CYANOGENESIS IN 
PRESENCE OF MERCURIC CHLORIDE 


A number of experiments were made to determiiu^ whether a tech- 
nique might be developed by means of which the time for maximum 
development of hydrocyanic, acid in the pn^sence of mercuric chloride 
could be shortened. In one experiment 50 gm. of fresh second- 
growth Spur feterita was heated for 7 hours under a reflux condenser 
in a mixture of 1,500 cc. of water and 0.5 gm. of mercuric chloride. 
On the following day the hydrocyanic acid was determined as 139 
mg. per 100 gm. calculated to dry plant. The (quantity obtained 
after maceration of this sample for 4 weeks in 1 percent of mercuric 
chloride was 236 mg. Evidently the refluxing was not effective in 
causing complete hydrolysis of the glucosidc. Other attempts were 
made in which the quantity of preservative was varied and maceration 
stopped after 1 to 4 days with and without the addition of an enzyme 
preparation made from sorghum and known to be active. The 
results are presented in table 9. A comparison of the quantity of 
hydrocyanic acid obtained after such treatment with that determined 
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by 4 to 8 weeks^ maceration of the same sample in 1 percent of 
mercuric chloride shows that, in 13 experiments, the figure obtained 
by the former method was higher in 1 instance and the same, within 
experimental error, in 2 instances as with the latter method. In 10 
instances results with the latter method were higher, the difference 
being more than 100 percent in sample No. 64-38 of hegari. In 
two cases the addition of enzyme made little difference, but with 
sample No. 63-38 of Ajax, there was a loss in the hydrocyanic acid 
obtained when enzyme was added. 

Table 9. — Comparison of quantity of hydrocyanic acid obtained after adding enzyme 
to fresh sorghum macerated in mercuric chloride solution^ with that obtained from a 
similar sample macerated for 4 to 8 weeks in water containing 1 percent of mercuric 
chloride^ calculated on weight of plant 







Hydrocyanic acid 
per 100 gm. of 
dry plant ob- 
tained after-- 

C'olloction 

No. 

VurUfty 

Enzyme added 

Periml 
of macer* 
ation 

Mercuric 

chloride 

addetl 

"JVoat- 

mciit 

Macera- 
tion for 

4 to 8 
weeks in 

1 percent 
of mer- 
curic 
chloride 

63-38 

Ajax . 

Before maceration 

Days* 

4 

Percent 

0. 6 

Mg. 

68 

Mg. 

117 

63-38 

do .. 

None. 

4 

.6 

90 

117 

46-38 

Hegari ... 

do -- . 


.5 

Ml 

218 



I, .do,...,., . - 

(lo 

2 

. 5 

190 

193 

58-38 

do.. . 

A fter maceration 

2 

. 5 

208 

193 

58-38 

do 

Before iimCHiration 

2 

.5 

197 

103 

64-38 

do . — 

None - 

2 

.5 

92 

206 

27-38 

Scarborough brooincorn _ . 
Sharon kafir 

. do . 


. f> 

75 

163 

46-38 

Before maceration 

1 

.5 

82 

108 

69-38 

Spur feterita 

do 

3 

J.O 

177 

198 

09-38, „ 

_ , do . . - , . . 

do 

7 

1.0 

183 

198 

59-38 

Sumac sorgo . ... 

do . 

2 

.5 

124 

156 

69-38... 

do J 

None 

2 

.6 

126 

156 


STABILITY OF MERCURIC CYANIDE SOLUTIONS 

The apparent loss of hydrocyanic acid in the above-cited case of 
Ajax sorghum raised the question whether mercuric cyanide is stable 
in the presence of cyanogenetic enzymes. It is known that free hydro- 
cyanic acid is slowly converted into other substances by these enzymes^ 
and if the same process occurred with mercuric cyanide it would 
influence the preservative efficiency of mercuric chloride with cyano- 
genetic plants. 

A solution of mercuric cyanide in water was adjusted to contain 
21.2 mg. of hydrocyanic acid per 25 cc. To 1 liter of this solution 
was added 13.3 gm. of an active dhurrinase preparation from so^hum; 
to 1 liter, 13.3 gm. of an active prunase preparation from Prunus 
melanocarj^. A third liter was kept under the same conditions as a 
control. The solutions were kept in the dark at 25° C. in pyrex flasks 
with rubber stoppers. At intervals 25-cc. portions were withdrawn 
and the hydrocyanic acid content was determined. The mercuric 

t * Couch, James F., and Brisse, Reinhold, R. the destruction of htdroctanic acid by prunase 
ND THE INFLUENCE OF SUGARS ON THE REACTION. Wash Acad. Sci. JouF. 29: 219>221, lllus. 1989. 
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cyanide was decomposed with staimous cliloride and the freed acid 
was distilled into 5-pcrcent sodium Iwdroxide, the distillate being 
then titrated according to the Liebig-Denig^s method. The results 
are presented in table 10. At the end of 15^ weeks each solution had 
lost 2.8 percent of hydrocyanic acid. It was evident that the cyano- 
genetic enzymes did not hasten decomposition of mercuric cyanide 
under the conditions of this experiment. 


Table \0- ~StahilUy of mercuric cyanide solutions at 26^ C. in the presence of 

cyanogenetic enzymes 


Time of stor- 
age (weeks) 

Hydrocyanic acid reijovered per 
26 cc. of solution 

Time of stor- 
age (weeks) 

liydrocyanic acid recovered per 
25 cc. of solution 

Control 

With 

dhurriuase 

With 

prunase 

Control 

With 

dhurrinase 

With 

prunase 

0 

Milligrams 

1 21.2 
21. 1 
21.2 
20.8 
20.8 

Milligrams 
21. 2 
20.9 
20.9 
20.9 
20. 8 

Milli- 

grams 

3 21. 1 
20.5 

20.7 

20.8 
20.7 

6 

Milligrams 

20.7 

20.8 
20.9 
20.6 

Milligrams 

20.7 

20.6 

20.7 

20.6 

Milli- 

grams 

20.7 

20.7 

20.6 

20.5 


6 . . 

2, ... 

3 

10- ; 
15^S 

4 


1 pH 6.10, at end 6.50. 
* pH 6.67, at end 5.79. 
8 pH 6.32, at end 5.19. 


OTHER MERCURY COMPOUNDS AS PRESERVATIVES 

One set of experiments was made to determine the comparative 
efficiency of mercuric chloride, mercuric oxide, and mtu’curous chlo- 
ride as preservatives. A collection of fresh hegari leaves was pre- 
served in the usual manner with each of these compounds in a con- 
centration of 1 percent based on the green weight of the plant. The 
samples were analyzed after 1, 4, and 6 months. The results are 
presented in table 11. Neither of the other two compounds tested 
was so efficient as mercuric chloride. After 1 month the mercuric 
oxide sample had lost 20 percent and after 4 months the mercurous 
chloride sample had lost over 15 percent. At the end of 6 months 
these samples had lost still more, whereas the mercuric chloride sample 
had nost none. In all three samples the (juantity of mercury present 
was much in excess of that needed to combine with all the hydro- 
cyanic acid present. 

Table 11. — Hydrocyanic acid recovered from fresh hegari macerated for various 
periods with different mercury compounds 


Hydrocyanic acid per 100 gin. of dry plant 
after maceration with 1 pertrent of— 


Period of preservation (months) 

• 

Mercuric 

chloride 

Mercurous 

chloride 

Mercuric 

oxide 

1 

Milligrams 

35 

Milligrams 

35 

Milligrams 

28 

4-. - 

36 

29 

26 

«- 

1 

35 

26 

24 
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INFLUENCE OF HYDROGEN-ION CONCENTRATION ON 
PRESERVATION 

Cyanogenetic plants develop their maximum content of hydro- 
cyanic acid under certain optimum conditions of acidity.® It was 
therefore of interest to determine the influence of aciclity on the 
development of the hydrocyanic acid during preservation. Samples 
preserved in the usual way were used; results are presented in table 12. 
It was found that the increased acidity due to the mercuric chloride 
was beneficial, the average pH of the samples falling within the 
optimum range. No evidence was obtained that hydrochloric acid 
derived from the mercuric chloride was formed in excess or repressed 
cyanogenesis in the mixtures. 


■'J'able 12. — Hydrocyanic acid content and pH of samples of hegari macerated with 
and without the use of mercuric chloride 





pU of sample 

Hydrocy* 


Mercuric 

Time of 
maceration 




ante acid 

(’’ollection No. 

chloride 




recovered 


u.sed » 

At begin- 
iiiug 

At end 

Average 

per 100 gm. 
of plant 


Percent 

Days 




Milligram » 

- . 

(1 

1 

6. 63 

4.74 

6. 19 

171 

62-38 

0 

1 

6.86 

4. 19 

6. 03 

12:1 

62-38 - 

1 

28 

6. 28 

6. 34 

6.31 

169 

62-38 

2 

.'Mi 

6. 06 

4. 14 

4.6 

193 

96-38* 

0 

1 

6.47 

3. 92 

4.7 

288 

95-38- 

1 

66 

6. 19 

4. 23 

4.71 

367 

95-38,.. 

2 

6i{ 

6. 07 

3.99 

4.53 

342 




i Calculated oti weifrht of plant. 

* Second -growth, all others first growth. 


SUMMARY AND CONCLUSIONS 

A further study was made of the mercuric chloride method for 
preserving cyanogenetic plants for chemical analysis. Experiments 
were made with 14 varieties of sorghum, 2 species of wild cherry, and 
1 species of arrowgrass. This study extends and confirms the results 
previously reported. 

On the whole, good preservation was obtained for periods up to 6 
months and, in a number of cases, for 1, IJ^, and 2 years. Young 
plants are more difficult to preserve than older plants. This is due 
to their higher content of hydrocyanic acid, to the rapidity with which 
it is developed in bruised tissues, and also to the fact that the cyano- 
genetic enzyme appears to be much more susceptible to the inhibiting 
action of mercuric chloiide than is the case in older tissues. 

A concentration of 1 percent of mercuric chloride based on the weight 
of the plant sample is sufficient to preserve specimens that contain 
100 to 125 mg. of hydrocyanic acid per 100 gm. Specimens that con- 
tain larger quantities of the acid require 2 to 3 percent of mercuric 
chloride for satisfactory preservation. Concentrations larger than 3 
percent offer no advantages but have the disadvantage of markedly 
inhibiting cyanogenesis. 

The rate of cyanogenesis in the plants studied when they were pre- 
served in 1 percent of mercuric chloride is such that in general the 

0 Couch. James F., and Briese, Reinholo R. htdroqbn ion concentration and ctanooenbsis in 
SOROHUM. Amer. Jour. Phann. lU; 65-64, 1%-201. li^9. 
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maximum amount of hydrocyanic acid is liberated in 3 to 8 weeks. 
With higher concentrations of the mercury compound the maximum 
quantity may not be attained for 6 to 12 months. 

The rate of cyanogencsis in the preserved samples could not be reg- 
ularly increased by the addition of the appropriate enzyme to the sam- 
ple. 

The cyanogen etic enzymes dhurrinase and prunase did not affect 
the stability of a solution of mercuric cyanide over a period of 15% 
weeks. 

Mercuric oxide and mercurous chloride wcri^ less efBcient as preserv- 
atives than mercuric chloride. 

The hydrogen-ion concentration of mixtures of sorghum and mer- 
curic chloride falls within the optimum pH range' for cyanogenesis in 
sorghum. The addition of mercuric cliloride may be regarded as 
beneficial from this standpoint. 

Figures for the hydrocyanic acid obtained from samples of plants 
macerated in water, except for a few irrc'vgular cast's, fall much below 
those obtained by the use of mercuric chloride. Watt'r maceration 
cannot be relied upon to furnish accurate data for the hydrocyanic 
acid content of cyanogenctic plants. 
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GLYCOGEN IN PRODENIA ERIDANIA, WITH SPECIAL 
REFERENCE TO THE INGESTION OF GLUCOSE* 

Hy Fkank H. Babkus 

Ai^aocAaie hiochvmiat, Division of Control Investigaiioiis^ Bunaii of Enloniologg and 
Plant Quarantine^ United Slates Department of Agriculture 

INTRODUCTION 

The iinportaiiee of carl)ohy<li*at(^s as a jc'scrrvc^ food material for 
various animal organisms is W(*ll known. A r(^st*rve food supply is 
])articularly important to insects such as the southern army worm 
(Prodevia eridarna (Crain.)) because of its relatively long period of 
])upation. i^arge numbers of tin's southern army worm have been 
rearc'd in tln^ lahoratorii'S of the Division of (^onlrol Investigations 
for us('. in various physiologi(*aI (‘Xpciriments. The ins(H*ls have been 
r(‘ar(‘d in p'CMvnhousi'. cage's and tin' larvae' feel turnip anel e*ollarel 
fe)liage', a die't higli in carl)ohyeh*ate*s. An inve^stigatie)n of some phases 
e)f carbobyelrate metabolism in this inse*ct lias tbere'fore bee'ii under- 
taken. The' glye*e)ge'n e'eintent has be'e'ii ele'te'rmiin>el at elaily inte'rvids 
tliroughout the life e‘ye‘le>, anel the elFe'.e^t eif the ingestiein eif glue*e)se on 
the bleieiel-glue'eise leved anel the tissue-glye‘Ogen content of sixth 
instars has beeai stuelie'el. The'- re'sults of these e'xpeu*ime'nts are re',- 
porte^d in this ])ape'r following a I’eview of tire tinelings of otbe'i* investi- 
gators with re^garel to the carbohydrate metabolism of various insects. 

REVIEW OF LITERATURE ON CARBOHYDRATE METABOLISM IN 

INSECTS 

oexaniRENC^E of ejLYe-OGEN 

(ilye’Oge'ii was first ehiinonstrated in insects by Bernarel pp. 
113 ^ 114 ),'^ who ele>se*ribe*d the larvae of ‘‘astie*ots’’ as ''ve'ri table sae;ks 
of glycogen.” Bernarel also founel glye*ogen in the' pupae of the'- same 
insects. Kiilz {60) found glyexrgen in the larvae, but not in the e'ggs, 
of Ualliphora VirmiUrria (Ij.) {Mum-ida iKrmiUyria)? Tichomiroff (36) 
showe'd that tire yolks of Iribe'rnating e^ggs of silkworms {Bornhyx 
mori L.) containeel glycogen, but that eluring elevedeipment the glyco- 
ge*n disappeai’ed. Airderlini (3) founel glyeierge^n in all stages of the 
silkworm, the largest quantities occurring in thei female pupae. In a 
preliminary report Bataillon and Couvreur (6‘), althenigh giving no 
analytical data, found glycergen to be at a maxirnuirr the eJay afterr 
nymphosis, anel then to decline rapielly until the amenmt remainiirg 

I Reeeivpd for publication Aii>?u.st 31, 1940. 

a Italit; numbers in part>nlh(\ses refer to lAlerature edited, p. 526. 

3 Scientific names of insects in parentbeses immediiii-ely following other scient ific names are iluKse appear- 
ing in the reference cited. Other scientific names are those currently in use according t«F tlie Division of 
Insect l(lentification of the Bureau of PXitomoiogy and IMant Quaraiitme, U. S, Department of Agricuiture. 
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was too small to estimate accurately. Bataillon {5) later extended 
these observations and included his data. Dubois and Couvreur {SI) 
found that glycogen reached a maximum of 53 mg, per six insects on 
the sixth day after climbing. The amount remaining at the end of 
the pupal period was insignificant. 

Vaney and Maignon {91, 92, 93), reporting the daily changes that 
occur during the metamorphosis of the silkworm, found the greatest 
amount of glycogen (1.59 percent) just at the formation of the 
chrysalis, then a decline until emergence, and another rise after 
copulation. By histological methods they demonstrated glycogen 
in the cells of the fat body, in leucocytes, and in muscles, but not in 
the silk glands or the digestive epithelial or hypodermic cells. Eggs 
within the female moths contained glycogen. Tichomirofl’^s {86) 
finding that glycogen diminished during the development of the egg 
was confirmed. The eggs contained 2.85 percent of glycogen 2 to 4 
days after oviposition and only 0.87 percent 7 to 8 days thereafter. 
In both pupae and adults the female contained consideral)ly more 
glycogen than the male, the greatest diflerence being in the adults. 

Bogojavlensky {18) found glycogen especially concentrated in tln^ 
external lobes of the fat body of the silkworm, and present to a lesser 
extent in the internal lobes. Glycogen was also found in other organs, 
but Bogojavlensky concluded that this glycogen was slightly different 
from the fat-body glycogen since it seemed to have a different solu- 
bility. He found considerable glycogen in the midgut and in the ter- 
minal part of the rear gut. The test for glycogen in the silk glands 
was doubtful, although Bogojavlensky considered its presence prob- 
able. Glycogen depots were relatively abundant in the (‘onjunctive 
tissue of the envelopes of the genital organs and were also present in 
the tracheae. Glycogen was always present in the walls of dorsal 
vessels and in pericardial cells, also in oenocytes and ganglia of the 
abdominal nervous system. It was often absent in muscle. 

Using the roach Blatta, orientalis L. {Stylopyga orientalis), Philip- 
tschenko {73) found that glycogen was abundant in the cells of the 
larval fat body but was scarce in those of the adults. No seasonal 
variation in the amount of glycogen present in the tissues of the 
honeybee {Apis mellifera L.) was noted by Parhon {70), although she 
found a considerable seasonal variation in combustion and respiratory 
exchange. 

Kotake and Sera {58) found a steady decrease in glycogen during 
the metamorphosis of the silkworm. As the exact age of their in- 
sects was not stated, they may have started their analyses too late to 
note the rise reported by other investigators. 

According to Ronzoni and Bishop (77), carbohydrates found in the 
honeybee may be designated (1) as free sugar, determined as glucose, 
which is found in the blood and possibly to some extent in th^e cells; 
(2) as combined carbohydrate, part of which is a polysaccharide of 
lower molecular weight than glycogen and part of which is combined 
with protein in the blood: and (3) as glvcogen. Glycogen is laid 
down exclusively in the cells but is releasea into the blood during the 
late stages of histological break-down. 

The amount of carbohydrate present after acid hydrolysis was 
determined by Inouye {50) for various stages of the silkworm. Lar- 
vaej|pupae, and adults contained 4.98, 4.37, and 5.71 percent, respec- 
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tively, calculatod on a dry basis. Yamakawa (97) confirmed the 
results of other investigators in finding a decr(»ase of glycogen during 
metamorphosis. Eggs of a single-brood strain of silkworms contained 
the largest amount of glycogen soon after they were laid, and the 
glycogen content then decreased st(^adily, according to Vaney and 
Conte (90). Straus (82) found that glycogen fii'st appeared in th(> 
lioneybee the third day in its larval life, and increased rapidly to a 
peak ni pupation. At this time workers contaiiuHl 82.48 perc-c'nt of 
glycogcm and drones 25.52 percent. The glycogen (h^clined steadily 
until it had almost disappc^ared at emergence, but it rose again in th(‘. 
adult. According to Sturtevant (83), bees dead from foulbrood con- 
tained almost no gly(U)g{‘n. Pigorini (7S) confirmed the results of 
previous work(‘rs as to the changes that occur in the glycogen cont(*nt 
of th(i silkworm egg during development. 

Ditman and Weilaiid (28) found that the metabolism of glycog(Mi 
in pupae of the corn earworm, IleUothis armigera (Hbn.) (lleleothis 
ohfioUta (F.))^ was largely dc'pcmdent on the temj)erature. At 80° F. 
values for tin', accumulation and decrease in the (juantity of glycogen 
pres(>nt W(U’e similar to those reported for ot her insc^cts. 

The development of Gasterophilus irdestirialis (D(‘g.) (Ga^trophilu.^ 
aqm) was studied over an 8-month period by Kemnitz (56, 57), who 
found that between 31.1 and 14.1 percent of the dry weight was 
glycogen. He also found larvae of an unknown si)ecies of Chiroriimius 
to contain 10.07 pcuceiit of glycogen. Shinochi (81) found that 
pupae of tlie wild silk moth (Didyoploca japoniea (MoonO) contained 
only small (juantities of glycogen, fat being its main resiTve matei’ial. 

't'lu' blowfly (unnamed species), ac(*ording to Frew (87), did not 
contain glycogen or any other carbohydrate that yieldcnl glu(‘ose on 
acid hydrolysis; both larvae and pupae were examimHl. Rudolfs 
(79) analyzed the tent caterpillar (Malaeo^wma americarm (F.)) for 
glycogen throughout its life cycle. The glycogen fell from 2.79 per- 
cent at hatching to a few tenths of 1 p(‘r(‘(‘nt when fully grown. In 
the same time tlu^ glycogen actually pr(*sent incri'ased from 27.9 mg. 
per 100 larvaci to 375 mg. Rudolfs found glycogen in the muscles, 
leucocytes, fat glands, and (^ggs. 

In Culex pipiens L., De Boissezon (19) found that glycogen was 
concentrated in certain fat cells, or trophocytc^s, of both larvate and 
imagoes. Because he did not find glycogen in the int(‘.stina] cells 
during digestion, he thinks that glycogenesis takers place in the fat 
cells. 

Blanchard and Dinuh'seu, in an analysis of larvae (15) and pupae 
(16) of Gaderophilus iniestinalis, G. namlis (L.), and G. Juunwrrhin- 
dalis (L.), found that glycogen rose stc^adily during the larval stage 
and fell off sharply during inanition. Most of tluur data wcue re- 
peated by Dinulescu (27). 

Evans (33) reported finding gly(Og(*n in tlie blowfly Lucilla sericata 
(Meig.), but from his d(^scription of the rnaterial lu^ isolated this 
finding must be questiomal. The ma.t(U’ial Evans isolatcal diffennl 
from glycogen in tliat it gave a reddish-brown color with iodine which 
did not return after boiling and no reduction was obtained after boiling 
with dilute acid. Total carbohydrate in the insect was obtained by 
liydrolyzing dried insect material with acid, clarifying, and determin- 
ing reducing sugars by the Hagedom-tTcnsen method. 



512 


Journal of Agricultural Research voi. « 2 , No. « 


Heller (44) found that the pupae of Deilephila euphorbiae (L.) 
contained 0.78 percent of glycogen. Timon-David and Gouzon (89) 
found that Geoica> utricularia (Pass.) (Pemphigus utricularius) and 
Pemphiga cornwularia (Pass.) contained 2.007 percent of glycogen. 
Glycogen was not found in significant amounts in cither the pupae or 
the pi‘(^pupae of th(^ wax moth (Galleria mello7iella (L.)) by Crescitelli 
and Taylor (24). Bciutler (10) did not find in the body of the honey- 
bee' any r(‘serv(^ ('arbohydrates from which the'. ins(K‘.t could re'plenish 
its blood sugar during starvation. Bialaszewi(*z (12) found that in 
the silkworm glycogen i'ose abruptly from 0 to 3J.() mg. oh the*- sixth 
day afterr tlu^ fourth molt, droppenl to 21 mg. during spinning, an J I’ose 
again to 45 mg. in the pupal stage. Roy (78) could not det(H*.t glyco- 
gen in the body fluid of the wax moth. Babers (4) found 3.29 mg. of 
glycogen per 100 cc. of blood in the luMuolymph of the sixth-instar 
south('rii armyworm. Paillot (69) y using liistologi cal methods, found 
an increase* in glycogc'ii during the metamorphosis of the silkworm, the* 
largest amounts beving j)rese>nt in the^ fat tissue anel e*.pith('Iial cedis of 
the elige'iStive*. tube^ He then stated that glycogein was not feiunel in 
blood e*,e’lls, peu*ie*ardial ce*lls, oe*nocyte*.s, silk glands, Malpighian tube's, 
and pn)babiy ne)t in museJe^, but edse>whe',re? in the*, same* artie*le he 
r(^pe)rteel the*, prese*ne5e*, of glycoge*n in e>e*ne)cyte*s, pericardial ce'lls, and 
oc.c-asionally in the Malpighian tubes. Kuwana. (61) founel 50 mg. of 
glyce)gen pe*r 100 ce*,. of larval ble)od of the silkworm. During pupation 
glycogen rose to 130 mg. per 100 cc., the feuriale^s e*e)nsist<‘ntly having 
jnore than the> male^s. 


SOURC^E OF OnYCOCEN 

Proteiin as a source of glycogen was sugge^steel by Kulz (60). He 
found that larvae of Calliphora vomitoria (Muscida mm itoria) that had 
been reiare*d from glye*,e)gen-freo e^ggs on egg white and horae meat ce)u- 
tained glye*ogem, and he concluded that protein was the source e)f this 
glycogen. His (?onclusie)n doe's not necessarily hold true, howeve*r, 
since^ both egg white anel he)rse^ me*at contain carbohyelrate^s. Although 
he did not mention glycogen by name, Abelerhalden (1) found that tlie 
beetle Anthrenus museorum (L.) e*oulel synthesize* all nee»ded foodstuffs, 
both carbohyelrates and fats, as well as edutin, from silk threaels whicli 
were free from both fat and carbohydrate. 

Couvreur (23) sugge^steel that fat was the source of glyejogeii in the> 
silkworm, since he> obtained a rise in the glycogen content that ce>r- 
respondeei to a fall in the fat I'ontcnt. Dubois and Couvreur (31) also 
considered fat to be a source of glycog(*ii. Bataillon (5) consiele*,i’ed the 
origin of glycogen to be histolytical, but Vaney and Maignon (91) eliel 
not think this probable, for they found glycogeui in the largest quanti- 
ties in colls that were most active during m(?tamori)hosis. Vaney and 
Maignon maintained that the fat-body cells resembled the liver cells 
of vertebrates in acting as centers for the elaboration of fat and 
glycogen. Tliis view was also taken by Bogojavlensky (18)y who 
found reserve glycogen mainly in the fat body of silkworms. He 
believed that it was formed locally from the monosaccharides obtained 
from the food. Weinland (95)y from his work on Calliphoray did not 
consider the evidence presented by Couvreur sufficient to warrant the 
assertion that fat was the source of glycogen. Kotake and Sera (58) 
also disagreed with Couvreur; they found that both glycogen and fat 
decreased steadily during the chrysalis stage, but Yamakawa (97) 
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tlio light that in tliis stage carhohydrate was forincHl from fat and then 
utilized by the silkworm. 

Kemnitz (57) pnisented (widenei^ that glycogen in Oasterophiluff 
intestmalis (Oastrophilus equi) was foriiKid from the proteins in tin; 
stomach of tlui horse and later transfonruHl into fat. Tlu^ work of 
Kaneko (5^) indicated that glycogen was built up in the gut (*pithelium 
of the silkworm from the carbohydrates in mulberry leav(‘S. Bito (14) 
found that silkworm pupae from larvae that had f(Kl on huives of 
(hidrmiia triloba contained less fat and glycogtui than pupae from 
larvae fed on mulbi^rry hnivi^, apparently because of tlie highei* pjo- 
tein content of the Oudrmiin, Kato (53) found that, when partly 
mature mullxuTy leaves were fed to silkworm larvae, tlu^ digt'stion of 
solubles carbohydratc^s and the ac.cumulation of glycogen in both 
larvae and pupae were gre^ater than when older and young(*r leaves 
w(U*('. fed. Tlu^ addition of cam^ sugar in moderate amounts to tin* 
normal diet of the silkworm incrciased the weight of the body, cocooii, 
and silk. Kato, Miwa, and Negi (54) also found that tlu^ general 
health of the ins(K‘ts was improved, but no criterion of lu^alth was 
given. They fouiul that 90 perc(^nt of tin*, added sugar was dig('st(‘(l, 
resulting in a rcunarkabh^ increase in tlu'. fat and glycogcui content of 
the insect. Kuwana (67) found that, after ingestion of glucose by 
silkworm larvae^, tlu^ aiuoimts of reducing substanc(^s in tlu^ blood 
following acid hydiolysis were gi-eatly increased. H(^ thought part 
of this was diu*- to giy(og(‘n and perhaps ])art to a glucoprotein complex. 

CHITIN 

Th(^ metabolism of chitin has attra<*t(Ml th(‘- attention of only a few 
inv(\stigators. Weinlaud (95) considered tliat it was form<‘d by tin* 
disintc^gration of ])rot(*in. Bialaszewicz (12) found it to at a maxi- 
mum in the silkwoim on tlu^ third day after tlu‘ fourth molt. Paillot 
(6', 9) thought the chitin of the silkworm cocoon was derivc^d from 
glycogcui. A rathei* complete analysis of tlu'i chitin in the various 
])arts of Periplaiuda (Serville) was made by Tauber (H4), 

REOUCl N( ; sue. A liS 

GIucos(^ was not found in fly larvate, but was found constantly in 
a.dults, by Bcunard (Sy^ pp. 113-1 14)- He concluded that glucose ap- 
])(^are(l (luring pupation. In a. priJiminary report Bataillon and 
Couvrtnu* (6') stated that for a time the couise of glucose in the silk- 
worm pupati paralhdxHi that of glycog(xi but the glucose continued to 
increase to a maximum whiles glycogcui declined to a minimum just 
before emergcmce. Later Bataillon (5) n^portcMl that sugar did not 
appear in the silkworm until spinning was (M)m])let(>d. His data are 
(widen tly those on which BataUlon and Couvreur based their conclu- 
sions. Maignon (63) agioed with Bernard in not finding glucose in 
the silkworm until after chrysalis formation, but stated that ghu^ose 
was formed when tissues were incubatcid under sterile (jonditions 
under oil. His studii^s were extemded by Vaney and Maignon (91) y 
who found the appearance of glucose variable. Tlu^y could not 
demonstrate glucose by the osazone test in the blood of silkworm 
larvae even when the gut was full of sugar. They (consider that glu- 
cose was destroyed in the level of the epitludium of the intestine as 
soon as it reached the blood, Kawase, Suda, and Sait5 (55) did not 
find reducing sugars in the blood of young silkworms. 
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Using the Hagedom-Jcnsen method, Hemmingsen {JfS) determined 
the reducing substances in the blood of a number of insects, both 
before and after fermentation with yeast. He concluded that most 
of the reducing substances present were not glucose, since only a small 
portion was fermentable. He found that blood sugar rose after injec- 
tion of insulin {47), and that insulin injected with sucrose did not 
hasten the disappearance of the sugar. In studies on the same insect 
by Wenig and Joachim {96), however, fermentable sugar disappeared 
within an hour after injection of insulin. The total reducing power 
of the blood did not change. Their normal value for the reducing 
power of the blood was 106 mg. per 100 cc., of which only 22.5 mg. 
was fermentable by yeast. 

Medvedeva (fid) concluded that insulin did not cause a specific 
reaction when injected into silkworms. Althoug^h in several experi- 
ments there was an increase in blood sugar after injection, he consid- 
ered it duo to a mechanical irritation set up by the process of injection 
rather than to the insulin. Adrenaline, on the other hand, caused a 
marked hyperglycemia. Blood sugar rose 71 percent above normal 
in the 15 minutes following injection and fell again almost as rapidly. 
Here, again, Medvedeva obtained a considerable hyperglycemia by 
the injection of water alone, and this effect also he attributed to a 
mechanical irritation by the syringe. He did not find a sex difference 
in glucose content in the hemolyrnph of normal imagoes. 

Sturtevant (fiS) first found glucose in the honeybee on the third 
(lay of larval life. It increased rapidly during tlie feeding period but 
dropped off immediately after feeding ceased, and by the eighth day 
no rediKving sugars were d(unonstrable. To the high concentration of 
sugar Sturtevant attributed the fact that Bacillus larvae Whiter, the 
causative agent of American foulbrood, does not attack the normally 
feeding larvae, since the organism cannot develop in sugar solutions. 
Also using the honeybee, Bishop, Briggs, and Ronzoni {13) found 150 
mg. of reducing substances per 100 cc. of blood. Bcmtler {10) found 
that only 2 percent of the reducing substances in adult bee blood was 
fermentable by yeast. After saccharose was fed the value ros(\ 
The rise was due to glucose, as in no case was fructoses found. Th(‘ 
blood sugar disappeared rapidly when it was not replenished. The 
queen bee had a high reducing value previous to and a low value sub- 
sequent to mating. Beutler {11) also found that the amount of sugar 
present was directly proportional to the energy output. 

Blumenthal {17) described a microniethoJ for the blood analysis 
of insects and gave the average reducing value for the blood of Romalea 
microptera (Beauv.) (nymph) as 41.7 mg. per 100 cc., for Melanoplus 
femur-ruhrum (Deg.) 35.3 mg., for M. differ entialis (Thos.) 36.5 mg., 
for Chortophaga virdijasciaia (Deg.) 34.0 mg., for Encoptoloplus sor- 
didus (Bunn.) 36.4 mg., and for Popillia japonica Newman 63.0 mg. 

Frew {37) found a vigorous synthesis of glucose during the pupal 
period of the blowfly. Glucose was identified by its osazone. Frew 
suggested that the glucose originated from the histolysis of the various 
tissues. He was certain that glucose was not synthesized from fat 
cither at the end of the larval period or early in the pupal period. 

The blood sugar of Deilephila euphorbiae larvae was determined by 
Moklowska {68) to be 127 mg. per 100 cc. Approximately the same 
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value was given by Heller and Moklowska (4^); they consider the 
amount of reducing substances present to be closely related to the 
stage of development. 

Evans (33) found that in Lucilia sericata glucose fell during the 
first 13 days of metamorphosis and then remained constant during 
histogenesis. In Tenebrio molitor L. glucose declined from 144.2 mg. 
per 25 insects to 114.9 mg. during metamorphosis (34). Larvae starved 
for 8 days showed iio carbohydrate change. 

The reduction capacity of the hemoTymph of several strains of 
silkworms was studied by Demjanowsky and Prokofjewa ( 36 )^ who 
found that it rose sharply at each molt, fell sharply between molts, 
and reached a maximum at pupation. After emergence the hemo- 
lymph of the male moth showed a lower reduction capacity than that 
of the female. After ovi position, however, the reduction capacity of 
the female dropped sharply. After feeding the reduction capacity 
increased and reached a constant value in 5 hours. Ludwig (63) 
determined glucose in the Japanese beetle throughout the period of 
metamorphosis. In the late prepupae the glucose content was 0.50 
percent, in young pupae 0.71 percent, in pupae 2 to 3 days old 0.62 
percent, arul at tlu^ end of the pupal period 0.84 percent. 

In an attempt to find a point in the central nervous system of 
Polymrcus denticauda (Charp.) (Orphania denticauda) that controls 
glycemia. May (64) cauterized the cerebral and subesophageal ganglia 
and then determined the amount of reducing substances present in 
the blood. Although some difference between cauterized and normal 
insects was noted, May did not (‘onsidcr the difhu'ence significant. 
May also found that starving Tettigonia mridissirna L. (Locusta viridis- 
smia) and Carausius morosus Brunn. (Dixi/ppus 7noroms) for 24 hours 
markedly lowered the reducing value of their blood. 

By isolating parts of the muwous sytem of fiftli-instar silkworms 
Ermakov (33) was able to produce either hypoglycemia or hypergly- 
cemia in the blood, depending on whether the anterior or the posterior 
Iiortion of the insect was isolated. He obtained differences from 
normal as high as 59 percent and did not tliink them due to the quan- 
tity of food ingested. Crescitelli and Taylor (34) studied the changes 
ill the reducing substances present in Galleria mellonella during pupa- 
tion. Some glucose was presemt, since the osazone was isolated; but 
they did not consider that the entire reducing value was due to glucose. 
The largest amount present was 0.36 percent at pupation. No 
difference due to sex was observed. Yeager and Fay ( 98 )^ studying 
the reducing value of the blood of roaches, Periplaneta americana 
(L.), that were killed under various conditions, found no significant 
difference between heat-killed insects, those fixed in acetic acid vapor, 
and those whose blood clotted under oil. There was no apparent 
diffusion from cell to plasma in the 15-ininute clotting time, and the 
hemolymph from imagoes had about the same reducing power as that 
from large nymphs. The average value for the group of insects 
tested was 62 ± 14.4 mg. per 100 cc., calculated as glucose, although 
all the reducing power was not considered to be due to glucose. 

Plorkin (35) determined both total and fermentable reducing sub- 
stances during the metamorphosis of the silkworm. The value for 
fermentable reducing substances was between 10 and 49 mg. per 100 
cc. of blood and followed the glycogen content as determined by 
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Bataillon. Florkin {36) also doteniiined the fermentable and non- 
fermentable reducing substances in the blood of Hydrous jriceus (L.) 
(Hydrophilus picem) and found that, while total reducing substances 
varied betwe^en 20 and 104 mg. per 100 cc., the fermentable portion 
was only 5 to 31 mg. 

Roy '{78) could not detect glucose in the blood of larvae of Oallerm 
rnellonella, Babers {4) found that in the sixth-instar southern army- 
worm the blood had a total reducing value of 65.9 mg. per 100 cc., of 
which only 11.1 mg. was fermentable by yeast. Becker (7) found 
that tln> larva of Hylotrupes bajulus (L.) did not increase in weight 
when glucose was added to its diet. 

In a study of the rediKung power of silkworm iK^rnolymph, Kuwana 
(67) was not able to isolate glucosazone from the blood at any tiimi. 
Using the Hagedorn- Jensen method, he found that a considerable 
part of the reducing power was due to a nonglucose fraction. Wlien 
the sugar reagents were added to the protein-free blood filtrate and 
titrated immediately without the usual heating, a ^‘cold vahic’^ was 
obtained. The total reducing value was obtained in the usual man- 
ner, and the total value minus the cold valuer gave the *diot value.” 
Kuwana confirnu'd Demjanowsky and Prokofjewa’s finding that the. 
total reducing value of the silkworni blood increased sharply at each 
molt. The increase was due to the cold value, howeviM’, and not to 
glucose. Th(‘. portion fermentable by yeast was small, not ('xceeding 
20 mg. per 100 cc. Upon hydrolysis with sulfuric acid, the reducing 
substanci^ greatly increased, and most of the iiLcnuise was f(u*mentabl(‘, 
by yeast. Glucose given per os caused a rise in blood sugar that 
reacln^d a maximum in 3 houi-s and tlien a shai*p decline to a normal 
value in 6 hour-s. In the same time tln^ reducing power of th(‘. hydro- 
lyzat(‘. incr(‘.ased. Glycolysis did not occur in th(^ silkworm blood. 

UTILIZATION OF CAIUiOHYDHATKS 

Kemnitz (57), from an analysis of daita obtained in his study of 
Oasterophilus intestmalis^ calculated that under anoxybiosis 1.39 gm. 
of glycogen formed 0.41 gm. of carbon dioxide, 0.2 gm. of water, and 
0.1 gm. of fat as fatty acids; they combine witli glyci^rol to foi*m neuti*al 
fat, which is stored as joserve material. The fermentable blood 
sugar in the insects studi(‘d by Hemmingsen (^6*) did not change during 
starvation. Beutler {11) found that the honeylx^e used sugar direiitly 
without first transforming it to fat. 

Known carbohydrates were fcnl to bees by Phillips {74), and the 
availability was determined from the relative length of life of tlie bees. 
Haydak {89) reported that newly emerged bees could subsist for a 
long time on a pure sucrose diet. Bc^rtholf {9) also fed bei^s on known 
sugars, and found that numerous carbohydrates could be digested but 
that glycogen could not be utilized. Bertholf {9) has summarized 
the work that has been done on the carbohydrate-digesting enzymes 
in insects. 

In the tent caterpillar Rudolfs (7^^) found that wlnui the muscles were 
active the glycogen content was reduced, but in the silkworm Bogo- 
javlensky {18) found little or no glycogen in the muscle. He suggested 
that the muscles might not use glycogen as such or that his technique 
might not be able to detect the quantities present. It seems probable 
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that the lattcu* siiriiiisc is the correct one. Tlui work of Accjua {2) 
indicates that the silkworm itself cannot digest starch; however, th(' 
mulberry heaves contained ferments that ac(‘omplish(Ml tlu^ jireliminary 
steps so that the silkworm used the starch as soluble sugar. 

Th(^ respiratory quotient obtained by Johansson (51) for yellow 
mealworxiis (Te.nehrio molitor) that h^d on flour indicates the- formation 
of fat from carbohydrates 

Kainey (76) concluded that in Lucilid serimta jiiost of tln^ fat was 
derived frojn protein. Tln^ (‘-arbohydratt^ (content fell from approxi- 
mately 10 l)eirce‘-nt at hatching to 7 percemt in the^ pre', pupae. 

Time)n-David (67) suggested that ce>rtaiii wood-(‘ating insee*-ts might 
synthesize fat from pemtose^s, xyle)se in particular. Later (88) he^ 
stated that, in general, insee*ts that ce)nsume ce)nsiderable amounts 
of pedysacehariele'-s are veuy rich in fats and that the'S(»> fats apparemtly 
have^ their e)rigin in the sugars. 

That the honeybee can e^xiivert sugar anel he)ney into wax was fij*st 
re^ported by Huber (40^ r, 2, ch. 2) and lateu- ce)nfirmed by Dumas anel 
Edwards (29^ 30). Abelerhalden (1) founel that larvae’s of Anthrenus 
muHeorum followeel a see^mingly normal e-oiuse; wheui feel pure silk. 
Carbohydrate's, inedudiiig ediitin, wcM*e synthesize^el fre)m it. Bre)wn 
(21) analyzeiel the e*xcreta of Automerw io (F.) throughout the larval 
])erioel, as well as the lea,v(‘s on which it fed, anel d(K*ieled that only 
liexoses and disae^charides were utilized. 

Jn (MiUeria rneUoneUa Taylor and Ste3inl)ae*Ji (85) founel an average 
re^spiratory ejuotient of 0.69 foj* the pupal perie)el, which might appenir 
inelie*.ative> e)f an esxedusive oxidatiem e)f fat. Tlu'se authors elo not 
e'onsieleT the esxplanatiem so simple, however, since fat oxidation is 
usually accompanieMi by oxidatiem of carbohydrates. Tlie^y suggest 
the possibility of the^ conversion of fat to giuce>se and the e)xielatiem of 
this carbohyelrate. Although no analytical elata were^ J^iven, Dinu- 
Ic^scu (27) thinks glycogen was useel eluring nymphe)sis of Gastero- 
philuH for the formation of fat. 

Heller (40) considers tliat in the silkwexrm metamorphosis is at the 
expense of carbohydrates, the protein being usexl for the formation of 
the cocoon; in Deile/ph/ila he founel the metabolism eluring the corre- 
sponding pe;riod to be that e)f fat. Hedleu' (41) found that 50 percent 
of the energy c.onteait e)f 1). ( uphorhiae larvae reunaine’el in the adult, 
whereas only 36 perce»nt was j)resemt in the silkworm. In starved 
Deilephila lie (42) founel that the metaliolism eif fat required 51.7 
percent of the total energy exchange, of proteins 45.5 percent, and 
of carbeihyd rates only 2.8 i)eu*cen1. Ilelleu* (43) founel that eluring 
jnipation 42.2 percent of the energy reHpiLrt‘inent was supplieel by 
e*-arbohydrate?s, 44.8 percent by fat, anel 13 percent by protein. In 
mature butterflies during a period of inanition 964 gram-calories were 
used up, of which 499 were supplied by fat, 435 by protein, and only 
26 by carbohyelrate. 

In starveel larvae of Teiiehrio molitor, Mellanby (66) found that 
the glycogen reserve was used up in the first 8 days; during the 
remaining 20 days of starvation fat was the principal re^serve used. 
From analyses of the larval fat of P(why7nerva bacteris (L.) (Pachy- 
rnerus dactris), Collin (22) decided that, although some of the fat was 
deriveel from the fat ingesteel, a e^xmsiderable^ portion came from the 
carbohydrates present in the nut on which the insect fed. 
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Hiratsuka { 48 ) found tliat the silkworm digested 40 percent of the 
carbohydrate in mulberry leaves. Brown {20) fed known substances 
to grasshoppers and analyzed their excreta. No monosaccharides or 
proteins were excreted, showing complete utilization. Ten percent 
of the glycogen fed was excreted. In the normal diet soluble sugars 
and proteins were utilized while the polysaccharides were, in the main, 
excreted unchanged. In adult Lepidoptera Kozhantshikov {69) 
fomid that glucose and saccharose were digested. Body weight of 
the females mcreased owing to the synthesi,s of fat for the formation of 
egg yolk. Kozhantshikov considers that the carbohydrate metab- 
olism is directly connected with fertUity and that Lepidoptera 
adults cannot use sugar directly. 

PaUlot {69) suggested that glycogen was used in forming the chitin 
of the silkworm cocoon and that during metamorphosis the cell 
nuclei actively utilized glycogen. Harnisch {38) found that under 
anaerobiosis the larvae of Chironomus ihummi Kieffer used mostly 
mesenchymal glycogen. Fat-body glycogen seems not to have been 
used. Increases in glycogen were noted only after feeding. Accord- 
ing to Kato, Miwa, and Negi {64) the addition of cane sugar to the 
mulberry-leaf diet of the silkworm was followed by an increased 
digestion of protein, fat, and ash. Walter and Lallue (P4) found that 
corn earworm adults produced only nonfertile eggs when fed a fresh- 
honey diet, but when freshly fermented honey was fed the eggs were 
93 percent virile. 

EXPERIMENTAL MATERIAL AND METHODS 

For the purpose of the experiments larvae of the southern army- 
worm that were reared in greenhouse (tages on turnip leaves until 
the end of the third ipstar and then plae.ed on collard foliage an*, 
called normal larvae. The larvae pupated in moist sand, the pupae 
were collected, and after emergence the adults were placed in ovi- 
position cages and allowed to feed on a dilute cane-sugar solution. 

Glycogen was determined by a slight modification of Pfluger's {72) 
method. After digestion with 30-percent potassium hydroxide, when 
entire insects were used, it was necessary to clarify the solution. 
This was done by adding 20-percent copper sulfate solution and 10- 
percent sodium tungstate solution to the neutralized solution. The 
precipitated ^‘brei'- was removed by centrifugation and washed with 
water. To the combined supernatants OS-percent ethyl alcohol was 
added to give a solution containing 66 percent of alcohol. After the 
solution had stood overnight, the precipitated glycogen was centri- 
fuged, washed with 66-percent alcohol three times, and finally taken 
up in 2 cc. of hot water. The insoluble material was removed by quan- 
titative filtration through a micro asbestos filter and washed until the 
volume of the filtrate was 5 cc. Sufficient concentrated hydro- 
chloric acid was added to the filtrate to make the final concentration 
2.2 percent with respect to hydrochloric acid, and the solution was 
hydrolyzed 3 hours in the water bath, cooled, carefully brought to 
pH 7, and diluted to 10 cc. or larger volume depending on the amount 
of reducing sugar expected from preliminary runs. The reducing 
sugar was then determined on 5-cc. aliquots by the micro Shaffer- 
Hartmann method {80), The glucose value was multiplied by 0.927 
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to obtain the amount of glycogen. For tissue glycogen the clarifica- 
tion step was not needed. Blood glycogen was determined on 1-cc. 
samples of pooled whole blood from several insects by the method of 
Creveld {2d)y exccipt that the reducing sugars were determined by the 
micro Shaffer-Hartmann method. Blood sugars were run by the 
micro Shaffer-Hartmann-Somogyi technique as described by Feters 
and Van Slyke {71), 

For the feeding experiments a paste was made by heating 2 gm. of 
glucose, 1 gm. of cornstarch, and 15 cc. of water just to the thicken- 
ing point. Sandwiches were then mad(i from disks of turnip leaves, 
cut out with a No. 10 cork borer, and portions of this paste containing 
approximately 12 mg. of glucose. One sandwich was offered to a 
single larva, and oidy those larvae that consumed an entire sandwich 
in the course of 30 minutes were used. After ingestion of a sandwich, 
the larva was placed on turnip foliage until used. 

The term ‘tissue,’’ uidess otherwise designated, refers to tlio 
material remaining after removal of the blood and alimentary tract. 
Wlierc l)lood analyses were made, the larvae were killed and their 
blood was partially fixed by immersing them for 1 minute in water at 
00° C. The blood was collected after the snipping of a leg. After 
removal of the blood, the alimentary tract was dissected out and the 
remaining tissue dri(‘d in a weighed container at 80°. Control 
experiments showc^d no apparent loss of glycogen during the drying 
])eriod. The dried tissues were weighed and analyzed individually 
lor glycogen by tin', method mentioned above. 

NORMAL VARIATION IN GLYCOGEN CONTENT 

Begiiuiing with eggs and ending with long-lived adults, analyses 
wei’c made* (^ach day to determine the normal variation and the period 
of greatest glycogtai acxumiidation. For the egg analyst's several egg 
masses that were depositc'd within 2 hours of (‘ach other were used. 
The time of hatcdiing was consider(‘.d the beginning of larval lif<\ 
Tlu\ entire egg mass usually hatched within a short time aft(M- the 
first larvae hatched, and those larvae that hatched within 1 hour 
were grouped and reared together. Once a day the required number 
were removed, dricnl, and weighed, and the entii‘e insects w(vre analyzed 
for glycogen. The results of these analyst's ai*(^ shown in figure 1. 
Each point on the curve represents the average of the analys(is of 
several groups of insects of the age indicated. That there is con- 
siderable difference in the glycogen content of male and female moths 
is clearly shown in figure 2. 

The fat body has long been considered the storehouse of glycogen 
for the insect. This conclusion has been based almost entirely on 
histological evidence. Of the amount actually present, however, 
no record has been found. The fat body was therefore removed from 
mature sixth instars as completely as was conveniently possible with 
small forceps. The fat body from 10 larvae was combined, and when 
it was dry glycogen was determined in the usual manner. The weight 
of dry fat body obtained from 10 insects varied between 26.390 and 
49.780 mg. and the percentage of glycogen between 17 and 27, with 
an average of 23.32 percent dry we^ht. The fat body is truly rich 
in glycogen. 
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EFFECTS OF GLUCOSE INGESTION 

Afti^r the larvae had ingested gliic.osii sandwiches, the In^molympli 
was analyzed for reducing substances at varying intervals beginning 
15 minutes after normal feeding commenced. Analyses were made on 
tlie blood of individual insects, and each jioint on tin* curve in figure 
3 represents the average redueijng value, calculatiKl as glucose, of 
approximately 25 insects. 

When the blood from itisects that, had ing(‘sted a single sandwich 
was analyz('d for glycogen, no definite variation from tin' normal 
glycogen content was found. In two instances a tn'inendous rise was 
obtained, the blood glycogcm jumping to 60 and 178 mg. per 100 ml. 
of blood. Since in about 25 other tests no ris(^ in glycogen content 
was found, it is b(di(‘V(al that the high values obtained wcue due to 



TIME AFTER INGESTION OF GLUCOSE (HOURS) 

Fkjuue 3. Glucose and glycogen content of glucose-fed instars of Prodenia 

rridania. 

some other cause, i)ossibIy incomplete^ digestion with i)otassium 
hydroxide. However, when larvae were allowed to feed overnight oji 
turnip leaves smeared with glucose-starch paste, there was a (hdinite 
increase in blood glycogen. The normal glycogen content of tin' blood 
of sixth-instar souttnirn army worms is between 1.3 and 4.5 mg. per 
100 ml. The average of 10 analyses of 1-ml. samples was 3.29 mg. 
per 100 ml. Four samplcLs of pooled blood from larvae that had fed 
on glucose overnight contained, respectively, 33.4, 17.42, 13.46, and 
19.9 mg. of glycogen per 100 ml. The average reducing value of these 
samples was 133 mg., as glucose, per 100 ml. of blood, of which 63 mg. 
was fcnnentable by ycuist. 

In one experiment the cells and plasma were analyzed separately. 
The heat-fixed blood was centrifuged for 10 minutes at approximately 
2,000 revolutions per minute, and the plasma was drawn oflF with a 
fine pipette. The cells were then washed twice with saline and the 
wash solutions combined with the plasma. In the c(41s 16.5 mg. of 
glycogen per 100 ml. was found and in the plasma 0.92 mg. It is 
probable that the small quantity found in the plasma was originally 
in the cells and was removed by the drastic treatment to which they 
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were subjected. After removal of the blood the alimentary tracts of 
these insects were dissected out, and glycogen was determined in the 
remaining tissue. The tissue from each insect was [analyzed sepa- 
rately, and the results were averaged to obtain the point shown on the 
tissue-glycogen curve in figure 3. For the tissue of normal larvae 
with an average glycogen content of 4.26 percent, the standard devia- 
tion was 1.81. Four hours after the larvae had consumed a glucose 
sandwich the average tissue glycog(>n was 9.92 percent, with a standard 
deviation of 2.29. The standard deviation was not ealculat(»d for other 
points on the curve. The tissues from the larvae*, that had fed ovei- 
night on glucose contained 14.75 percent of glycog(*n, dry weight, and 
th(> tissue fi-om individual larvae contained on an average 6.28 mg. of 
glycogen. 

Hemolymph from normal sixth instars contained on an averfige 64.9 
mg. of reducing substances, calculated as gliK'ose, per 100 ml. of blood. 
Of this Quantity only 11.1 mg. w^as fermevn table by y(‘asl, and was 
presumed to be glucose. Many investigator have report ( h 1 similai- 
low fermentable values in the insects tc^sted, but many have also 
reported that in larval blood the glucosazoTu* t(^st was always negative. 
Upon (*xamination under the microscope, however, glucosazom*. crys- 
tals wen* found in the* blood of sixth-instar southern airnyworms aft(*r‘ 
treatment in the following manner. Three* ml. e)f pooled blooel from 
insects killed by immersion in water at 60° C. for 1 minuter was di- 
luted to 5 ml. with distille*d water. Pre)teins we*re> preeupitated by the> 
addition of 0.8 ml. of an ae*id cadmium sulfate* solution (13 gm. of 
cadmium sulfate and 63.5 ml. of normal sulfurie* ae*iel per 100 ml.) anel 
1.1 ml. of normal soelium hydroxielc (6*7). After elilution te) 10 ml. 
and centrifugation, the supe*rnatant was poured onto a mixture of 0.4 
gm. of phemylhydrazine* hydrochloride and 0.6 gm. of soelium acetate 
that had been fine*ly ground together' in a mortar. The test tube*, 
containing the mixture was protected from evaporation and ])lace‘el 
in a boiling-wate?r bath for 2 hours. The source of heat Was the'n 
removed and the tube left in the bath until the latter hael cooled to 
room te*mperature. Microscopic examination then she)wed the^ 
presence of widely scatte*re*d but definite clusters of glue'.osaze)ne 
crystals. 

Blood from inse^cts that had ingested a glucose sandwich an hour 
before the blood was drawn also gave a positive glucosazone reax'tion. 
In this case, however, the glucosazone crystals were present in large 
numbers soon after the lieating with phenylhydrazine was begun. 

DISCUSSION 

In general the curve showing the daily variation in the glycogen 
content of the southern armyworm is similar to the curves obtained by 
most other investigators for other insects. With the exception of 
Kiilz (60)^ who failed to find glycogen in the eggs of the fly CalHphora 
vomitoriay they seom generally agreed that the eggs of the various 
insects studied contain appreciable quantities of ^ycogen soon after 
deposition and that the glycogen then decreases steadily until minute 
quantities, if any, are found just before hatching. In the southern 
armyworm larvae glycogen appears soon after feeding commences, and 
increases to a peak at pupation. This also is in general agre(*ment 
with other insects studied. 
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The time of greatest accumulation has been given as at pupation 
or just before or after. It is not surprising that a slight disagreement 
exists, if for no other reason than the extreme difficulty in defining 
the instant of pupation exactly. It is evident, how(‘ver, that glycogen 
continues to be formed after the larva has ceased feeding. That this 
is an actual inci’ease in the quantity of glycogen, and not a per(?entagc 
increase due to loss of weight, is shown t>y the analyses of individual 
insects. Wheth(>r this gly(‘.ogen is fonned from soluble foodstuffs 
remaining in tlu' alimentary tract before its complete evacuation or 
from autolyzing tissiu's is not clear. During tln^ pupal period, as one 
would exp(*ct, there' is a steady decline in tlui quantity of glycogen 
present. The (*hemical changes involved are not yet understood. 
The glycogen content rises again in the adult, and there is a distinct 
s(*x difference, the females having the highest glycogen content. 
Although little experinK'nt.a] (evidence is presented to support the 
theory, it seems probable tliat the additional glycogen is the source 
of the energy rt^quii ed for (^gg production and of the g]y(‘Og(^n found in 
the egg. It is not known whether tlu' glycogen is deposited in the egg 
as such or wlu'ther the various cells synthesize it from other material. 
However, th(> (wichmee is overwhelming that glycogen plays a very 
important part in the geru'ral metabolism of insc'cts. 

At the time these expc'riments were startl'd, very little (piantitative 
(‘xpi'rimental (ividiuice was availabh'. that sliow^i'd the type of foodstufl’ 
from which insei'ts derive their glycogen supply. Most conclusions 
w'cri^ based on tlie disappearance of one substance and a corj’esponding 
increasi', in another. After the completion of tluvsi! experiments, 
however, the w'ork of Kuwana (61) came to the writer’s attention. 
This investigator, using the silkworm, Inis pi'rformed several experi- 
ments similar to those made by the present writer. The two curves 
for blood sugar after the feeding of glucose are very similar in shape, 
Kuwana obtained a peak value of 594 mg. of reducing substances as 
glucose in 3 hours, wdiereas the peak of 581 mg. obtained by the 
writiT came in IK hours. The rapid rise and decline, howevi'T, wi're 
similar. In addition, Kuwana found a tremendous incri'ase in reduc- 
ing substances after acid hydrolysis of the blood of glucose-fed larvae, 
but he did not consider this to be due ('iitirely to glycogen. The 
writer, of course, did not get an increase in blood glycogi'ii aftevr feeding 
only one sandwich. However, Kuwana apparently hydrolyzi'd whoh' 
blood with acrid without the preliminary alkali treatment and alcohol 
precipitation used by the writer. It therefore^ seems j)robable that> 
only a small part, if any, of the increase Kuwana found w^as due to 
glycogen. He did not follow the course of tissue glycogen after 
glucose ingestion. In the writer’s experiments tissue glycogen in- 
creased definitely within a short time after glucose w^as fed, and the 
peak of glycogen formation came approximately 4K hours after the 
blood-reducing value had reached its maximum. It is interesting to 
note that the rise in blood glycogen came only after long feeding on 
glucose-smeared leaves, as if it were an overflow into the blood after 
the tissues had reached a saturation point. The pH value of most 
insect blood is on the acid side. That of the southern armywomi is 
6.53, and this acid condition may well retard glycogen formation and 
hasten its utilization in the blood. 
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The south eni army worm, therefore, possesses an efficient glycogen- 
synthesizing mechanism by which glucose can be readily transformed 
into glycogen. The site of this transformation is not known, but if one 
reasons by analogy with vertebrates, which of course is a risky pro- 
cedure, the site of fomiation is also the site of the greatest glycogen 
concentration. Tf this is correct, then at least one function of the fat 
body is the sam(> as that of the vertebrate liver. 

The failure of other workers to identify glucose in larval blood by 
the osazone test has probably been due to their failure to use a large 
(M)ough sample. Although the glucosazone test is very sensitive, in 
small samples thci presence of glucosazone crystals may be easily 
overlooked, since at best there can be only a few crystals present when 
tli(* samx)le contains only ().()5~0.2 mg. of glucose per milliliter. 

SUMMARY 

The glycogen content of the southern annyworm (Prodenia eridania. 
(Cram.)) has been studied as part of an investigation of the carbohy- 
drate metabolism of insects. A comprehensive summary of tlie 
literature on the carbohydrate metabolism of insects is included as a 
background for this study. This review shows that glycogen is 
widely distributed among insect species. Fats and proteins hav(* 
both been siiggest(‘d as the source of glycogen, but there is greater 
(evidence that most of the glycogen comes from other carbohydrates. 
Glycogen and protein have been suggested as the source ot chitin. 
Glucose has been found free in the hemolymph in only small quantities. 
The quantity of blood glucose seems to be related to the energy 
output. It is shown that insects are able to digest and utilize many 
carbohydrates. 

In the experimental work with the southern armywonn the normal 
variation in glycngen content was first studied by analyzing entire 
insects at daily intervals throughout their life cycle. The effect of 
glucose ingestion was then studied by feeding sixth in stars turnip- 
leaf sandwiches containing glucose and determining the blood glucose, 
blood glycogen, and tissue glycogen after varying intervals. 

The results on normal variation were in general agreement with the 
findings of previous investigators on other insects. Glycogen was 
present in the e^g, but disappeared at hatching, reappeared in the 
larvae after feeding had begun, and rose to a maximum at pupation ; 
during pupation glycogen fell steadily and then rose again sharply in 
the adult. The female moths consistently contained more glycogen 
than the males. 

Analyses of the fat body of mature sixth instars showed it to con- 
tain on an average 23.32 percent (dry weight) of glycogen. 

In the feeding experiments the blood glucose rose sharply within 
15 minutes, reached a maximum inflK hours, and n^turned to normal 
in 6 hours. Blood glycogen did not rise after one sandwich was fed. 
Tissue glycogen rose to a maximum in 7 hours after ingestion of a 
glucose sandwich. 

Glucose was demonstrated in normal larval blood by the osazone 
test. 

It is concluded that the southern annyworm possesses an efficient 
glycogen-forming mechanism by which glucose is transformed into 
glycogen. The chief site of glycogen formation appears to be the fat 
body. 
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CALCIUM REQUIREMENTS OF GROWING PIGS ' 

By C. lil. Aubbl, swine investigator. Department of Animal Husbandry^ J. S. 

Hughes, animal nutritionist^ and W. J. Peterson, assistant in animal nutritum^ 

Department of Chemistry, Kansas Agricultural Experiment Station 2 

INTRODUCTION 

The role of calcium and phosphorus in animal nutrition has received 
much attention in recent years, and many studies have been made 
to determine the need of these minerals in the nutrition of the pig. 
Much of the work has dealt with deficient rations and means of cor- 
recting the deficiencies. Recently the individual minimum require- 
ments of these minerals have received the attention of investigators. 
Vitamin D in connection with these requirements has also been inves- 
tigated (Sj 6y 9).^ 

REVIEW OF LITERATURE 

The requirements of phosphorus in the presence of vitamin D 
for the growing pig have been worked out by Aubel, Hughes, and 
Lienhardt (f), who place the minimum value between 0.27 and 0.30 
percent wlum the calcium level is 0.8 percent. Spildo (11) and 
Axelsson (2) place the minimum value at 0.38 and 0.20 percent, 
respectively, and Mitchell and McClure (10) estimate it at 0.37 
percent for a 30-poimd pig and at 0.18 percent for a 200-pound pig. 
The lowest level fed by Dunlop (6) was 0.53 pe^rcent, at which level, 
with adequate calcium and vitamin D, he obtained satisfactory 
development. He does not report feeding a ration containing less 
than 0.53 percent phosphorus, and this, therefore, cannot be said to 
be a minimum level. Thus the minimum percentages of phosphorus 
required in the ration as so far determined are generally in fairly 
close agreement. 

The requirement of calcium when vitamin 1) is supplied is reported 
by Dunlop (6) to be 0.34 percent, and he found a normal development 
of blood, bones, and body growth at this level whether or not vitamin 
D was suppliecl. Dunlop places considerable stress on the calcium- 
phosphorus ratio. He says, '‘A calcium level adeciuate at one ratio 
of calcium -phosphorus may be inadequate at another.’^ In ascer- 
taining his minimum calcium level Dunlop fed varying amounts of 
calcium with phosphorus levels at 0.53 percent or higher. 

Other investigators have also reported the calcium requirements of 
pigs in the presence of vitamiii D. Spildo (11) obtained satisfactory 
results with pigs which received 0.34 percent of calcium and 0.41 
percent of phosphorus. Theiler and his asso(dates (1^) conducted 
experiments primarily on the effect of rations deficient in phosphorus 
or calcium or both. Their rations were deficient in calcium at a 
level of 0.10 percent and were adequate at a level of 2.0 percent. 
They did not feed any pigs a ration at a 0.30-percent level of phos- 
phorus. Axelsson (,2) estimates the percentage requirement of 
calcium at 0.37. His phosphorus level for this level of calcium was 

1 Rweived for publication Nov. 1, 1040. Contribution No. 139, Department of Animal Uusbanciry, and 
No. 25.5, Department of Chemistry, Kansas Agricultural E.xperiineut Station. 

* The authors wish to give credit to Prof. D. L. Mackintosh, of the Department of Animal Husbandry, 
for assistance in slaughtering and to Dr. L. M. Koderick, of the Department of Veterinary Medicine, for 
pathological inspection of the carcasses. 

8 Italic numbers in parentheses refer to Literature Cited, p. .542. 
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0.20 percent. Bolistedt { 6 ) reports the most satisfactory results 
with levels of calcium at 0.32 and 0.41 percent in the presence of 
0.28 and 0.29 percent of phosphorus. Aubel and his associates (i) 
produced satisfactory pifrs with 0.8 percent of calcium and 0.3 percent 
of phosphorus. The calcium requirements in their study, however, 
were not directly under scrutiny. A level of 0.8 percent was fed so 
as to be sure that the pigs received ample calcium. Mitchell and 
McClure { 10 ), on the basis of the composition of the body, estimate 
the requirements of calcium for a 30-pound pig to be 0.53 percent and 
state tliat it decreases gradually as the pig increases in weight, so 
that a 200-pound pig requires only 0.20 percent of calcium. 

From these observations it would appear that with the exception 
of the work of Bohstedt (5), for which detailed data on blood and bone 
composition are not available, the minimum (‘.alcium requirements 
for growing pigs fed 0.3 percent of phosphorus, has not been deter- 
mined. Aubel and his associates (i) found 0.3 percent of phosphorus 
to be the minimum level, a value which g(^nerally is appioximated 
by the findings of other workers. 

In view of ibc variations in the calcium requirements of pigs 
reporti^d in tli(i literature it seemed d(‘siral)le to (^xainifie tliis question 
further. It is, therefore, the purposes of this papiu* to give information 
not only on the effects of a deficiency of calcimn in the ration on tin*, 
development of young pigs, but also to show the minimum rexpiii’e- 
ments of calcium necessary to insure normal growtii and bojK*. and 
blood formation, when the phosphorus level is maintained at 0.3 
percent and ample vitamin D is supplied. 

EXPERIMENTAL PROCEDURE 

Similar groups of pigs were fed rations which contained the same 
amounts of digestible nutrients, minerals, and vitamins, but different 
amounts of calcium. The response of the pigs, as reflected in body 
and bone growth, utilization of feed, and blood composition, was 
taken as the criterion for determining the amount of calcium neces- 
sa^ to meet the requirements for normal development. 

The animals in each experiment were a uniform-appearing lot of 
purebred Hampshire pigs about 9 weeks of age*, and weighing about 
40 pounds when the cxpecihients were started shortly after weaning. 
Before being put on test file pigs were immunized against hog cholera 
and treated for roundworm. All pigs were housed in a well-lighted and 
well-ventilated building provided with individual concrete paved 
pens 6 by 8 feet in size. Each pen was provided with an outside 
concrete paved exercise area fenced with wire. The outside area 
allowed the pigs access to the direct rays of the sun and thus they 
were exposed to ultraviolet rays in considerable amount. 

The animals were fed individually twice a day, the amount being 
determined by the normal-appearing pig with tlie smallest appetite. 
This arrangement insured all the pigs ingesting the same amount of 
food, so that differences in gains in weight and growth could not be 
attributed to variations in intake of food. 

The basal ration consisted of 74 pei*cent of pearl hominy, 10 per- 
cent of tapioca roots, 10 percent of blood meal, 4 percent of dehy- 
drated alfalfa-leaf meal, 1.5 percent of dried brewer^s yeast,^ and 0.5 
percent of iodized salt. Each pig received 5 cc. of cod-liver oil per 

* This was the Hod Label brand of the Vitamin Food Company, Iruj., New York City. 
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(lay. Enough monot^alcium phosphate was used to raise the phos- 
phorus content to 0.80 percent in all lots except lot 4, in experiment 2. 
In this lot, monosodium phosphate was used so that the calcium could 
be kfjpt at 0.10 percent. Supplemental additions of calcium to vary 
the calcium level were made in the form of calcium carbonate. This 
ration was thought to contain, with the exception of the calcium, an 
adequate amount of all the elements known to be necessary for the 
normal growth of a pig. 

The pigs were weighed every 28 days throughout the expciriments. 
A determination of the calcium, inorganic phosphorus, and phos- 
phatase in the blood was made at the Ix'giiming of each experiment 
and at the end of each 28-day period. A single sample of blood was 
drawn from the tail for these (leterminations. The Wang (13) method 
was used for tlie determination of calcium; phos})horus was determined 
by the Fiske and Subbarow (7) im^thod, and phosphatase by the 
Bodansky (4) method. 

The feeding period for each expeiiment was 24 weeks, at the end 
of which time the animals wen', killed and a pathological inspection 
of tlie cai*cass(*s was made. Th(i femur and humerus bones of the 
l ight side of (‘uch pig w ere saYt?d for cln'inical and physical analyses. 
A 7r),0()()-pound Southwark-Emery hydraulic coinprt>ssion testing 
machine was usc'd to determine the breaking strength of the bones. 

EXPERIMENT 1 

111 experiment J, conducted from .December 2, 1938, to May 19, 
1939, three lots of pigs were used. liot I contained five pigs, and 
lots 2 and 8 four pigs each. The levels of (*.alcium fed were 0.6 percent 
for lot 1; 0.8 percent for lot 2; and 1.0 percent for lot 3. The 1.0- 
percent level was included in order to observe tlie effect of an excess 
over the previously observed satisfactory level of 0.8 percent (1), and 
the 0.6-percent level was fed in an effort to lo(;ate a minimum level. 

The growth, feed records, and emnposition of the blood and bone- 
are showui in table 1, and the grow th curves in figure 1. 


Table 1. — Effect of different calcium intakes, at higher levels, on the growth, the 
feed utilization, the blood composition, and hone formation in the pigs in 
experiment 1 


I.ot No. 

i 

in 

lot 

( 'dlcium 
in ration 

Phospho- 
rus in 
ration 

Average 

initial 

weight 

Av<'rage 
final 
weight 
after 24 
weeks' 
feeding 

Average 
daily gain 

Average 
daily feed 

Feed re- 
quired 
per 1(K) 
pounds of 
gain in 
weight 

1 . 

:i . 

Number 

h 

4 

4 

Percerti 

0. 

.80 

l.tK) 

Percent 

0.30 

.30 

.30 

Pounds 

39. 6 

1 40.4 

41.6 

Pounds 
%M. 0 
237.5 
236. 7 

Pounds 

1.17 

1. 17 

1 1.16 

Pounds 
4.28 
4. 28 
4.28 

Pounds 

365.8 

36.5. 8 

1 368. 9 

Lot No. 

Blood analysis at end of 
cxporiiiient 

Average 
specific 
gravity of 
humeri 

Average 
breaking 
strength 
of humeri 

Bone analysis (dry fat-free 
basis) 

Average 
calcium 
in 100 cc. 
of serum 

Average 
inorganic 
phospho- 
rus in 100 
cc. of 
serum 

Average 
phospha- 
tase in 
serum 

Averuge 
ash in 
femurs 
and 
humeri 

Average 
calcium 
in femurs 
and 
humeri 

Average 
inorganic 
pho.spho- 
rus in 
femurs 
and 
humeri 

1 

2 . 

3 

Milli- 

grams 

13.4 

12.2 

13.6 

Milli- 

grams 

7.6 

8.4 

8.0 

Units 
7.88 
9.15 
8. 10 

1.311 

1.314 

1.260 

Pounds 

1,230 

1,393 

1, 345 

Percent 
54. 33 
52.03 
52.40 

Percent 

21.19 

20.85 

21.05 

Percent 

9. 98 
10.07 
9.87 
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RESULTS 

All the pigs in experiment 1 developed normally. It can be seen 
from the data in table 1, and from the curves in figure 1, that they 
were similar in all respects. They made almost the same daily gains, 
consumed the same amount of feed, had practically identical effi- 
ciency in utilizing their feed, had normal blood-serum calcium, 
phosphorus, and phosphatase content, and the bone formation was 



Figure 1. — Weights of pigs of lots I, 2, and 3 with calcium intakes of 0.60, 0.80, 
and 1 percent, respectively, as compared with the weights of normal pigs. 
The curve for normal animals was drawn from data supplied by the Division 
of Animal Husbandry of the University of California and represents the average 
of the records of 457 pigs that had been on excellent rations { 8 ). 

normal as evidenced by the ash content and breaking strength of the 
bones. It is apparent from these data that a calcium level as high as 
1.0 percent, and a level as low as 0.6 percent can be fed without 
abnormal resifits when ample vitamin D is supplied, and the phos- 
phorus level is 0.3 percent of the ration. Under the conditions of 
this experiment, the requirements of calcium for the growing pig do 
not exceed 0.6 percent, the lowest level fed. 
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EXPERIMENT 2 

Tlie second experiment, conducted fi’om December 0, 1939, to 
May 22, 1940, included four lots of pigs. Lot 4 contained three pigs, 
lot 5 five pigs, and lots G and 7 four pigs each. 

In order that satisfactory comparisons might be made, experiment 
2 was conducted with pigs of the same size and origin and in precisely 
the same manner as the first experiment. Lot 4 of experiment 2 
received 0.10 percent of calcium; lot 5, 0.25 percent; lot 6, 0.41 
j)ercent; and lot 7, 0.55 percent. The high calcium level of 0.55 
percent in this experiment was fixed just under the low level of lot 1 
in the first experiment. 

It was thought that the level of 0.55 percent in lot 7 would be near 
enough to the O.G percent of lot 1, experiment 1, to serve as a check 
on that level. In order to facilitate comparison, it was also planned 
in this experiment to control the intake of feed so that it would be 
similar to the amount ingested daily by the pigs in the first experiment. 

The growth, feed records, and composition of the blood and bone 
of the second experiment ai'c given in table 2 and the growth cui*ves 
in figure 2. 


'Fable 2, Effect of different calcium inlakesy at lower levels, on the growth, the feed 
utilization, the blood composition, and bone formation in the pigs in experiment 2 ^ 


Lot No. 

l'it?s in 
lt»t 

Calciuni 
in ration 

Phos- 
phorus 
in ra( Ion 

Average 

initial 

weit?ht 

Averat?o 
final 
weight 
after 24 
weeks of 
feeding 

Average 

daily 

gain 

A verage 
daily 
U’tod 

Feed re- 
quired 
I)er 100 
pounds 
of gain 
in weight 


Number 

Percent 

Percent 

]*oundH 

Pounds 

1 Pounds 

Pounds 

Pounds 

4 . . ..... ' 


0. U) 

0.3! 

41.5 

182. 3 

0. 83 

3. 79 

45f», 0 

/) 

> 5 

,2f> 

.30 

40.8 I 

219. 0 

! 1 . 00 

4.23 

399. 0 

(i 

4 

.41 

.30 

41.4 ! 

232. 5 

1. 13 

4. :^o 

380. 5 


4 

. 5.5 

.30 

! 

41.0 i 

2:12.7 

1. 13 

1 4.27 

377. 8 



Blood analysis at end of ex- 
periinout 

1 


1 Bone analysis (dry fat-free 
j basis) 

I.ot No. 

Average 
(5alciuin 
in 100 cc. 
of serum 

Average 
inor- 
ganic 
phos- 
phorus 
in 100 cc, 
of serum 

Average 
phos- 
phatase 
in serum 

Average 
specific i 
gravity 
of humeri 

.\verage 
breaking 
strength 
of humeri 

Average 
ttsh in 
femurs 
and 
humeri 

Average 1 
calcium ' 
in femurs 
and 1 
humeri 

Average 
inorganic 
phos- 
phorus 
in femurs 
and 
humeri 

4 

Milli- 

grams 

12. 11 

Millt- 

(frams 

8.6 

Units 

7.0 

1. 147 

1*0 wilds 
733 

Percent 

51.63 

Percent 
19. 30 

Percent 
10. 03 

5 .. 

12.25 

8. 6 

6. 5 

1.252 

1,085 

57. 36 

23.40 

10.59 

a - 

12.35 

8.9 

6.9 

1.293 

1, 132 
1,2.30 

60. 80 

23. 15 

11.07 

7 

12. 72 

9.0 

5.8 

1.323 

61.76 

23. 10 

11.41 


> Data for 1 pit? in lot 6 not included. 


RESULTS 

.Ml pigs in experiment 2 had smooth coats, good appetites, were 
tfirifty, and made good gains throughout the experiment with the 
folio wing^exceptions : 

In lot 4 (0.10 percent of calcium)’'all the pigs showed poor appetite. 
They developed severe diarrhea almost at the beginning of the ex- 
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periment and it lasted until the ninth week. During this time the 
pigs had poor appetites except on two or three occasions when their 
appetites returned and diarrhea ceased for short periods. They 
became coarse-haired and were nervous. After the tc^nth week, two 
of the pigs recovered to some extent and ate as much as the pigs in 
the other lots, so that by the end of tlie experiment they were fairly 



IneuRE 2. — Weights of pigs of lots 4, 5, 6, and 7 with calcium intakes of 0.10, 
0.25, 0.41, and 0.55 percent, respectively, as compared with the weiglits of 
normal The curve for normal animals was drawn from data supplied 

by the Division of Animal Husbandry of the University of California and 
represents tlu? average of the records of 457 pigs that had been on excellent 
rations ( 8 ). 

smooth in coat, quite thrifty in appearance, and appeared normal 
except in weight. The third pig in this lot lost appetite the fifth 
week, developed severe diarrhea, and showed symptoms of weakness 
in the hindquarters. This pig did not recover its appetite until the 
twenty-first week. At slaughtering, the pigs in this lot had soft 
bones. It is significant that all the pigs on this low-level calcium 
ration exhibited the same calcium-deficiency symptoms described by 
Theiler and his associates (1^), It is also significant that these pigs 
showed calcium-deficiency symptoms early and that after about 3 
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months of feeding they improved, especially in food consumption and 
thriftiness. 

Two of the five pigs in lot 5, receiving 0.25 x^ercent of calcium, gave 
indications of impaired apyietite, unthriftiness, and diarrhea early in 
the exxieriment; pig No. 4 by the end of the third week, and i^ig No. 
5, two weeks later. By the seventh week these pigs were obviously 
suffering from some deficiency. It was thought that possibly there 
might be a deficiency of water-soluble vitamin B in the ration. The 
yeast was accordingly increased to 5 percent in the ration of pig No. 
4, and 5 mg. of nicotine acid was given orally each day to pig No. 5. 
These alterations in the feed were continued for 4 weeks, but there 
was no improvement in the condition of the pigs. By this time their 
appetites were very xioor, they had develo])e(l severe diarrhea, and 
No. 4 was unsteady on his legs and slightly nervous (fig. 3, A and B). 

By the end of 3 montlis pig No. 4 was paralyzed in the hindquar- 
ters and ate his food in a lying position. When it was apx^arent that 
he would not recover he was killed. An autoxisy did not show any 



FieuRE 3. — Two views of pig No. 4, lot 5, experiment 2: yl, After 8 weeks on 
riition containing 0.25 percent of calcium. ISi^ote the braced hind legs of this 
pig by irieans of which he keeps on his feet. /?, After 12 weeks feeding, show- 
ing lying position and paralyzed hind(|uartcrs. 

lesions that could account for the paralysis or the emaciated condi- 
tion. The data in table 2 do not include those for x>ig No. 4. 

Pig No. 5 showed much tlie same syrnfitoms as pig No. 4, but never 
refused feed for more than 2 or 3 days at a time. From tht*. tenth 
week until the end of the experiment this pig ate as much feed, most 
of the time, as the other pigs in the exfieriment. Although his appe- 
tite and appearance imiiroved he never was as sleek-haired and 
thrifty as the other three pigs in this lot. Pigs Nos. 4 and 5 had 
soft bones when slaughtered. 

Two of the five pigs in lot 5, which received 0.25 xiercent of cal- 
cium, showed calcium-deficiency symptoms early in the experiment, 
but one had recovered to a considerable extent by the end of the 
experiment. The other three seemed normal in appetite and growth, 
but at slaughter their bones were found to contain less ash and to 
break more easily than the bones of pigs receiving a higher level of 
calcium. It would seem, therefore, that the 0.25-percent level of 
calcium as fed in this lot might be close to the border line of calcium 
requirements for growing pigs. 
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Symptoms of calcium deficiency were not observed in lot 6 (0.41 
percent of calcium) and in lot 7 (0.55 percent of calcium). The pigs 
in both lots developed and grew normally and had normal bones and 
blood as compared with lots 1, 2, and 3 of tlie firs't experiment. 

DISCUSSION OF RESULTS 

From the rc^sults obtained by feeding different levels of calcium it 
is evident that under the conaitions prevailing in these experiments 
a level of 0.10 percent of calcium (lot 4, experiment 2) was inade- 
(juatc for the normal development of pigs; they failed to gain nor- 
mally, to utilize their feed efficiently, and to develop strong bones 
with normal ash content. 

A 0.25-perccnt calcium level (lot 5, experiment 2) appeared to be 
near the border line or slightly bidow the calcium requirement. Two 
of the five pigs developed abnormally; the remaining three made nor- 
mal gains in weight, but their bones contained a subnormal percent- 
age of ash associated with a lowered breaking strength. 

All pigs fed a ration containing 0.41 percent or more of calcium 
appeared to develop normally in every respect. Furthermore tlu' 
feed consumption, utilization of feed, the composition of the blood, 
and the formation of the bone were similar with calcium levels ranging 
from 0.41 to 1.0 percent. These results indicate that raising the cal- 
cium level above 0.41 percent does not improve a feed for growing 
pigs. 

Therefore, under the conditions of this experiment, when the level 
of phosphorus is 0.3 percent and adequate vitamin D is supplied, it 
would seem that a level of 0.25 percent of calcium is slightly below 
the minimum requirements while 0.41 percent is definitely adequate*, 
for the normal development of pigs. 

Effect of Low-Calcium Rations on the Blood C'ompositjon 

The effect of low-calcium rations on the (composition of the blood 
has been reported by other inv(*stigators. Theiler and Ins asso(ciat(*s 
(12) stated that the serum (calcium was not significantly affected liy 
the calcium of the ration. The findings herein reported ar(* not 
entirely in agreement with this statcunent. 

The data for the composition of the blood of the pigs in expicriment 
2 arc shown in table 3. An insptection of these data, shows that the 
serum calcium values of the lot 4 pigs and pigs Nos. 4 and 5 of lot 5, 
which showed calcium-deficiency symptoms, began to show a down- 
ward trend after 28 days on the low-calcium ration. This decrease 
in serum calcium continued for about 5(5 days, after which it increased, 
until at the end of the experiment the values were normal. 

In the pigs that received an amount of calcium as low as 0.10 
percent the blood calcium was not depressed below 8.92 mg. per 
100 cc. of serum. It is not surprising, therefore, that low-calcium 
tetany was not observed in the pigs on a low-calcium diet in this 
experiment since such symptoms do not appear until blood calcium 
values fall below this value. It is worthy of note also that only the 
pigs showing slightly depressed serum calcium manifested any 
clinical evidence of calcium deficiency, such as loss of appetite, 
unthrifty appearance, and stiffness. These symptoms disappeared 
as the serum calcium returned to normal, 
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The reestablishment of scrum calcium to normal after it had been 
slightly depressed would indicate that although a pig is receiving too 
little calcium in its diet, the system is able to maintain, apparently 
at the expense of bone calcium, almost a normal content of calcium 
in the blood. It should be emphasized, however, that ample vitamin 
D was provided. It seems surprising that pigs receiving a calcium- 
deficient diet sufficient to affect the appetite and produce the other 
clinical symptoms of calcium deficiency, are able to adjust themselves 
and subsequently recover their appetite and consume enough feed 
with its attendant amount of calcium to bring about satisfactory 
gains in body weight and a normal blood picture. 

The data in table 3 also show that the inorganic phosphorus of the 
serum was little affected by the low-calcium rations. 


Table 3.- — Calcium, inorgawc phosphorus, and phosphatase conierU of 100 cc. of the 
blood serum from 5 pigs 'of lots Jt and 5, which shoved calcium-deficiency sym.p- 
toms, as compared with the means of these values for the pigs in lots 6* and 7, which 
received an adequate supply of calcium 


[Dotfrrninations made at 28*day intcrvalsl 





Initial 


1 1 

j 28 days I 

00 days 

84 day? 


Lot No. 

I'iR 

No. 

Cal- 

cium 

Iiior- 

jraiiic 

lihos- 

pho- 

rus 

ehos- 

l)ha- 

las«* 

i 

(Cal- 

cium 

Inor- 

ganic 

phos- 

pho- 

rus 

Phos- 
pha- i 
tasc 

Cal- 

cium 

1 

Inor- 

ganic 

phos- 

pho- 

rus 

III 

Cal- 

cium 

Inor- 

ganic 

f)h()S- 

pho- 

rus 

Phos- 

l>ha- 

tasc 

(■alciuin dofuMont: 


MHli- 

grnim 

Milli- 

grams 

! I'hUs 

Miin- 

grarns 

13.30 

Milli- 

grains 

Ihiils 

Milli- 

grams 

Milli- 

grams 

Units 

Milli- 

grams 

Milli- 

grums 

Units 


f 1 

12. 40 

8.0 

3. 0 

9.0 

3.4 

10.02 

8. 1 

0. 1 

8.92 

8.0 

0.4 

4 


11.20 

8.3 

2.2 

12. 72 

9. 0 

2.9 

10. 92 

7. 1 

0.2 

8. 92 

0.8 

0. 0 


1 3 

11.00 

8.0 

2.8 

13.14 

8.9 

2. 0 

11.24 

7.0 

0.0 

9. 011 

0.2 

2. 1 


{ 4 

12. 02 

7.0 

3.3 

12. 92 

8.8 

2.8 

10.80 

7.7 

7.3 

11,00 

9.0 

2.3 


5 

12.29 

8.2 

4.0 

13.30 

9.3 

2.0 

10. 82 

8.8 

7.2 

9. 03 

0.9 

4.3 

5 


12. 40 

8.2 

1.4 

13. 00 

9.8 

3.8 

12.24 

10.2 

9.8 

11.31 

8.8 

0.8 


1 - 
1 7 

12.31 

8.0 

.9 

13.00 

9. 0 

3.0 

14.82 

10.0 

1 1 . 3 

11.00 

7.9 

0.7 


1 s 

1 1 . 0.l 

9.0 

2. 1 

12. 72 

9.3 

3.9 

11. 10 

9.4 

777 

11.31 

8.7 

0.0 

( 'alciuio adciniatc: 
fi 

(•) 

11.70 

8.0 

2.0 

12. 78 

9.2 

4.0 

12.49 

9.4 

9.8 

JO. 77 

7. 9 

8. 1 

7 . . 

(‘) 

1 1 . 02 

7.0 

2. 1 

12. 92 

7.8 

3.9 

12.80 

7.8 

9.2 

11.37 

7.0 

0. 9 





112 days 



140 days 



108 day 


Lot No. 

Pig 

No. 

Cal- 

cium 

Inor- 

ganic 

I)h(>s- 

I)horus 

Phos- 

pha- 

tase 

Cal- 

cium 

Inor- 

ganic 

phos- 

I)horus 

l‘hos- 

pha- 

tasc 

Cal- 

cium 

Inor- 

ganic 

phos- 

phorus 

Phos- 

pha- 

tase 

Calcium deficient: 


Milli- 

grams 

Milli- 

grams 

Units 

Milli- 

grams 

Milli- 

grams 

Units 

Milli- 

grams 

Milli- 

grams 

Units 



10. 27 

■ 9.0 

10. 1 

10. 47 

8. 1 

7.9 

11.90 

8.9 

0. 1 

4 


11. 13 

8.8 

9. 0 

10.41 

8.0 

11.7 

12.20 

9.0 

0. 1 



10. 70 

7.0 

6.7 

9.80 

7. 1 

11.2 

12. 17 

7.9 

8.9 


r 4 

11.23 

8.0 

11.2 

11.40 

7.9 

7.8 

U) 





0 

10. 91 

8.1 

8.5 

11.49 

8.2 

10.9 

12.30 

' 9.3 

7. 3 

5 - 

\ 

11.02 

8.7 

7.0 

11.23 

8.3 

8.7 

12.00 

8.4 

0. 0 


7 

11.88 

9.1 

9.5 

11.50 

8.2 

10.3 

12.40 

8.0 

0. 0 


1 8 

11.60 

8.6 

10. 0 

10.82 

8.0 

9.8 

12. 30 

8.2 

0.4 

Calcium adequate: 

6 

e) 

11.42 

8,3 

9.9 

11.23 

7.9 

10.5 

12.35 

8.9 

6.9 

7 

( 2 ) 

12. 30 

8.7 

8.9 

11.24 

8.3 

6.9 

j 12.72 

9.0 

5.8 

i 


‘ Killed for autoiKsy. 


* Mean of tho lot. 


After the pigs had been on experiment 84 days and the blood 
calcium had dropped to its lowest level, the serum phosphatase was 
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also somewhat below the level of that in the serum of the pigs receiving 
an adequate amount of calcium. The average of the five calcium- 
deficient pigs was 3.9 units per 100 cc. of serum, while that of lots 
6 and 7 receiving an adequate amount of calcium and showing no 
calcium-deficient symptoms was 7.5 units. 



Figure 4. — Weights of the three pigs in lot 4, and pigs Nos. 4 and 5 of lot 5, 
showing calcium-deficiency symptoms, as compared with the weights of normal 
pigs, and with those of lots 6 and 7 which received adequate calcium. The 
calcium intakes of the animals in lots 4, 5, 6, and 7 were 0.10, 0.25, 0.41, and 
0.55 percent, respectively. The curve for normal animals was drawn from 
data supplied by the Division of Animal Husbandry of the University of 
California and represents the average of the records of 457 pigs that had ex- 
cellent rations ( 8 ). 

\ Effect of Low-Calcium Rations on Daily Gains and Body Weight 

One of the most interesting results of the feeding of low-calcium 
rations to young pigs was the effect produced on daify gain and body 
growth. The data for these two factors are recorded in table 4 and 
shown graphically in figure 4. 
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Table Daily gains and body weights of 5 pigs from lots It and 5, shovring 
calcium-deficiency symptoms during experiment 2^ and the m,eans of these 
values for the pigs in lots 6 and 7, which received an adequate amount of calcium 

IWoiphts rofordud at 2H-<lay intorvals] 



I Kilh'd f(»r autopsy. «' Moan of lot. 


The pi^s ill lot 4, and pi^s Nos. 4 and 5, lot 5, which sliowed calcium- 
deliciency symptoms, madt^ slow daily ^ains and poor body growth 
almost from the b(‘ginning of the experiment until the one hiindriHl 
and twelfth day. After this period of slow growth daily gains .ina- 
teiially im])i()V(Hl so that during the latter part of the experiment 
their gains wcae almost as good as those of the pigs in lots 6 and 7, 
wliicli received an a(le(|uaie amount of cahdum (table 4). The 
initial rate of gain for calcium-deficient pigs was quite diffenuit from 
that of noiTual pigs or that of the pigs in lots (> and 7 which received 
an adequate amount of calcium, as is shown in figure 4. 

The recovery in the rapidity of daily gain seems to have preceded 
th(», depression and r(*covery of the serum calcium values discussenl 
pri'viously. Thus it apptmrs that pigs as they incrcaise in age tiro 
able to recoviT from tlie (iffi'cts of a limited calcium deficiency even 
though the h'.vel of calcium in the ration is unchangiHl. This would 
indicate tliat the re(|uir('ments for calcium are griaitivr in (airly life 
and Ix^come h^ss as tin' pig matures. Tlu^se findings support those 
of Mitchell and McClure (10) in respect to the calcium requircvimaits 
for pigs. 

SUMMARY 

The results of an investigation to determine the effects of feeding 
calcium at difi’ercuit levels in the rations of 28 young pigs ai e reported. 

Two experiments, one with three lots of pigs and one with four, 
were carried on for 24 weeks. 

Data are presented to show (1) the effect of a deficiency of calcium 
in the ration on the growth and dcvclopmcMit of pigs, and (2) the 
minimum amount of calcium necessary in tin* ration for normal 
growth and development. 

The r(>sults obtaim'd indicate that the abnormalities rt^sulting from 
feeding low-calciurn rations are: (1) Anorexia; (2) an unthrifty appear- 
ance, characterized by emaciation and a rough coat of hair; (3) 
usually, but not always, unsteadiness in legs and finally posterior 

321887—41 —3 
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paralysis; (4) a failure of normal growth and development of bone; 
and (5) poor utilization of feed. 

Under the conditions of the experiments a level of 0.25 percent of 
calcium in a ration was found to be inadequate, whereas 0.41 percent 
was definitely adequate for the normal development of young pigs. 
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DROUGHT TOLERANCE IN SNAP BEANS ' 

By M. F. Bahh, (u^Hociale phffHiologisly .Iamks K. Khatts, assistant physiologisty 
B. L. Wade, senior genrticisty and W. J. Zaumeyeu, pathologisly lyivision of 
Fruit and Vegetable i^rops and DiseaseSy Bureau of Plant Jndusirtj, i gnited Ftaics 
Department of Agriculture 


INTRODUCTION 

Wlu‘11 the 1). S. No. ] R<'fiigee Imiu was Jirst t(‘st(Hl at various 
placets in the lJnit(Nl States in 1934 it was n‘port(‘(l to poss(*ss sonn^ 
tolerance to droii^lit (‘onditions. Oik* r(‘port indicatcal that it had 
inad(' a fair yi(‘ld of snap laanis wliih* standard bean varietit's in th(' 
same test did not produce a crop. Because of thes(‘ rc^ports, attiunpts 
were made to d('t<H‘min(' the d(‘gre(‘ to which U. S. No. 1 Refugee 
j)oss('Ssed th(' ability to yiidd well under adverse conditions of soil 
moist ur(‘, and wh(dh(*r strains ndatcal to it possessed more or less 
toleranci' to tlu' saim^ conditions. Tlu'; t(*sts W(m*(> conducted at the 
United States MorticuUural Field Station at CheyeniK', Wyo. 

MATERIAL AND METHODS 

'Plu' U. S. No. 1 Refugee Ixain was selected from tlu^ tenth generation 
of a cross of Stringless (Sreen Refugee X Wells Red Kidney. In 
(h'veloping this variety st'veral oth(M* slightly different strains were 
carried along but not (*hos(»n for introduction. Soim* of these strains 
were used in this t(‘st. IJ. S. No. 1 Ridugec is closcdy related to 
U. S. No. 5 Refug(‘e, since tlie parents of the latter vaihdy are U. S. 
No. 1 Refugee and a mosaic-r(»sistant Riffugee rogue (a strain of 
(^orlxdt Refugee). U. S. No. 5 Refugex^ was released in 1935. All 
the strains vvitli dashes separating parts of thc' numbers are from the 
Fs or later generations of U. S. No. 1 R(‘fug(H‘ X Refug(X‘ rogue and 
an' ('ssentiafly variabh' sister lines of U. S. No. 5 Refugc'c. It should 
b(' point('d out that these F^ lines wc'H' not fixed, and as tlu'W were 
incix'ased there was undoubtedly differential survival of different 
type's within the genetic complex. All other numl)ered strains are 
clos('ly n'lated to U. S. No. 1 Refugee. Five commercial varieties 
widely grown in the United State's we're carrie'd for 4 years as controls, 
and in aelelition Burpe'e vStringless Gre'enpoel, for 3 ye'ars. 

In all years the' varietie'S we're jdante'el in blocks ])lanne‘el fe)r variance' 
amdysis. Howe've'r, treatments and nurnbe'j- of re'plicatiems varieel 
from year to year, as eliel sonu'what the size of ple)t. The' rows we're' 
3).< feet apart, 50 feet long in 1935, and 25 fee't lenig in tlie' e)theM* 3 years. 
There were four plots of e'ach strain in 1935, six in 1930, and eight in 
the last 2 years. In 1935 all plots we're irrigateel lightly once' during 
the season. In 1936 and 1937 no irrigation was applieel. In 1938 
normally irrigated plots were ranelomized in with the unirrigated 
plots, to measure better the effect of drought conditions. 


> for imblication .Irtnuary 2, JW41. 


.Tournal of Apriwiltural Hescarcli, 
Washinja:ton, 1). C. 


Vol.ei2,No.9 
May 1, 1941 
Koy No. 0-1198 


( 543 ) 



544 


Jovrnal oj Agricultural Research 


Vol. 02, No. 9 


All data are based on thei accumulated yields per plot of snap beans 
(Phaseolus mdgaris L.) made on seven or eight picking dates of each 
season. Records were kept of the number of pods per pound at each 
picking. 

EFFECT OF DROUGHT ON YIELD 

The yields of snap Ix^ans by varieties and strains, grown with and 
without irrigation, are shown in table 1. 

Table 1. — Yield oj snap beans by 35 varieties and strains in tests at Cheyenne^ Wyo.y 

1935-38 






Acre yield 




Varieties and strains 

1935 (1 
light 
irrigation'' 



1938 

A V (‘rage 

Avoragr' 


I9,3(i (no 

1937 (no 

. — _ .... .... 

— — 

for 3 

for 4 


irrigation) 

irrigation) 

No irriga- 
tion 

Normal 

irrigation 

yr'ars 

1935-37 

years 
1935 38 


Poandfi 

Poundx 

l*ouuds 

Poanda 

Pounds 

Pounds 

Pounds 

3fi7 . 

12,250 

4, 301 

4. 740 



7,117 


344, 

11,347 

4. 208 

4,805 



0, 807 


388 0-2 

11,324 

4, 4(W 

4. 398 

.5, 140 

7, 529 

0, 729 

0, 030 

280 

11,293 

1,404 

.5, 285 

4.910 

0, 200 

7,014 

0, t}58 

285 

11,044 

11,001 

1, 184 

.5, 170 



0, 799 
0. 502 

282 . 

3, 8;i7 

4. 849 




229. 

10. 779 

4. 291 

.5. 02f5 



fi, f599 


305 - 

10. 748 

4,015 

4,900 

4, 094 

3, 933 

0, 750 

0,071 

391-15 2 

10, 0.59 

3. 094 

3, (K)7 

4, 4.30 

4. 082 

0, 087 

5, 029 

388 1-5. 

10, 012 

3, 287 

3, 975 

4, 431 

8. 139 

5, 958 

0, 040 

287 

10, 534 

4, 070 

,5. 213 

3, 871 

5, 177 

0, f')0(> 

0, 085 

388-8-5 

10,351 

3, oo;i 

4. 029 



0,014 

304 

10,332 

4, 527 

5,221 

4, 343 

.5, 1.52 

0, 093 

0, 207 

280. ■ 

10,310 

3, 918 

5, 003 



0,412 


919. - 1 

10,215 

4, 993 

5, 110 

4, 092 

4. 779 

0, 775 

0, 205 

283 - 

U), 149 

.5,* 1.59 

5. 433 

. 

0,914 

309 

10, 071 

4,337 

5, 048 

4, 493 

4, 742 

0, 485 

5, 075 

0,018 

U. S, Nr). 5 Kefugee . . . 

9, 910 

3,077 

4.031 

0, 472 

7, 35.5 

5, 984 

391-14. 

9,943 

4,952 

5, 485 

4,910 

0, .590 

0, 793 

0, 534 

228. 

9,818 

4,410 

4, 8.38 

4,244 

7, 150 

0, 304 

0, 198 

308 

9. 700 
9. 082 

4,889 
3. 881 

4, 900 



0. 500 


391-15-11 

4. 398 



5. 087 


391-15-4 

1 9. 593 

3, 272 

3. 237 



5. 307 


388-7-0. 

9, 527 

3. 770 

4, 157 



.5,818 


U. S. No. 1 Kefugee 

9, 223 

3, 9t 3 

4,927 

' 4,029 

5,015' 

0, 048 

5,741 

328. 

9, 157 

3. 201 

3, 78-1 



5, 401 


Stringless Oroon Refugee ' 

9. 100 

4, 343 

3, 9.59 

,5, 053 

7.940 

5, 803 

5, 970 

Oiaiu- Si ringless (Iroenpod ' 

8, 840 

4, 072 

4, 1.38 

4, 095 

4, 057 

.5, 885 

5, 433 

342 .. . 

8, 708 

3, 942 

4, 540 


5. 7.50 

284 ... 

8, 745 

4, 304 

.5,112 

.5,090 

' .5,849 

0. 054 

5,908 

Full Measure * . 

8, 589 

3,012 

3. 343 

4, 400 

3,783 

5, 181 

4,910 

341. 

8, 307 

3, 230 

4, 455 



5,351 

Brittle Wax ' 

7, 442 

3,430 

4,008 

3, 27.3 

3,535 

4, 980 

4.580 

New Stringless (iroeni)od ' 

0, 402 

4.029 

3,804 

2, 039 

3,534 

4, 785 

4, 300 

Burpee Stringless (ireeiii)od > . 

5, 948 

4,571 

4. 122 




4,880 


Total 

341,863 

14.3,710 

159,548 

85, 227 

104,013 






Average 

9, 708 

4, 100 

4,559 j 

4. 480 

5. 506 







1 Commercial variety. 


In 1935 the yields for an average of four plots varied from 12,250 
pounds per acre for No. 307 (a U. S. No. 1 Refugee sib) to 5,948 
pounds for Burpee Stringless Greenpod. A difference of 2,158 pounds 
was required for significance between strain means if odds of 19 to 1 
are accepted as a criterion (table 1). In 1930 the yields for an. aver- 
age of six plots varied from 5,159 pounds for No. 283 (a U. wS. No. 1 
Refugee sib) to 3,077 pounds for U. S. No. 5 Refugee. A difference 
of 1,301 pounds was required for significance between the means. 
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III 1937 the yields varied from 5,485 pounds for No. 391“1“4 to 3,237 
pounds for No. 391-15-4, with a difference of 412 pounds being required 
for significance. 

In 1937 the plantings were so made that there were two series 
of plots to a block, and four blocks. The first of these blocks was 
approximately 40 feet from a wundbreak to the west of the planting. 
Figure 1 shows the plots with block 1 in the foreground. The wind- 
break, consisting of a single row of poplars, is just out of the picture 
at the right. It was found in 1930 that the plots nearest the wind- 







Fkutre 1. — Vi('w of the field jjIoIs ill 1937, with block 1 in th(‘ foreground. The 
western windbreak is just out. of the picture at tlie riglit. 

break made somewhat greater yi(‘lds than those farthei- away. The 
method of planting adopted in 1937 madi^ it [lossible to measure this 
effect of tile windbreak. Thus, large variances were obtained for 
both blocks and series {F values exceeding the 1-percent point), 
and the averages yield decreased as the distance from the windbreak 
increased. However, the relative ranking of the varieties and strains 
remained apjiroximately the same regardless of proximity to the 
windbreak. 

The average yield for the 35 varieties and strains in the block 
nearest the windbreak was 5,080 pounds, while the average for these 
same varieties and strains in the fourth block was 3,859 pounds. 
The averages for the second and third blocks were 4,758 and 4,526, 
respectively. Since only 135 pounds is required for significance in 
this case, all the differences between blocks are significant. 

In 1938, seed of many of the strains was exhausted; so only 19 
varieties and strains instead of 35 were carried. A comparison of the 
average yields of these 19 varieties and strains for the 4 years shows 
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that No. 286, a strain closely related to LI. S. No. 1 Refugee, ranked 
first, and No. 888“-6-2, a strain closely rehitod to IT. S. No. 5 Refugee^, 
was second. Of the commercial varieties, Stringh^ss Oreen Refugee 
ranked twelfth, Giant Stringless Greenpod sixteenth, Full Measures 
seventeenth. Brittle Wax eighteenth, and New Stringloss Greenpod 
nineteenth. U. S. No. 5 Refugee ranked eleventh and U. S. No. ] 
Refugee fourteenth. 

If all 35 varieties and strains are included and ranked according to 
yield foi- the average of all plantings, it is found that strains 367, 283, 
344, and 285 yielded significantly more than Stringless Green Refugee, 
the highest yielding commercial variety, which ranked twenty-second 
with a yield of 5,976 pounds. The other commercial varieties ranked 
as follows: Giant Stringless Greenpod, twenty-eighth; Full Measure, 
thirty-second; Burpee Stringloss Greenpod, thirty-third; Brittle Wax, 
thirty-fourth; and New Stringloss Greenpod, thirty-fifth; with acre 
yields of 5,433, 4,910, 4,880, 4,586, and 4,360 pounds, respectively. 
A significant difference for the comparison of mean yields for 4 years 
is 746 pounds, while if the 4-year averages are compared with the 
averages of the first 3 years a difference of 800 pounds is requirtMl. 

No method of ranking based on either irrigated or nonirrigated 
plots or both will give a very high ranking to the commercial varieti(^s. 
With th('. ('xception of Stringless Gietui Refugee^ tlu' (commercial 
varieties are always mcar tlu' bottom. 

The rc'sults of irrigation in 1938 were enmplicated by Uk^ a])p(‘aranee 
of bacterial blight {Bacterium phamdi E. F. Smith and Bad. medi- 
caginis var. phaseolicolaUnvk .) An ('ffort was made to (waluatcc the 
inliuenc(‘.of bacterial blight by estiniating th(‘ amount of damage dome 
on a scale of 0 to 5,^ and at the end of the season tlu' niunber of plants 
dead from blight was recordcMi. Adjustnumts oxi the ba.sis of dead 
plants gave unreasonably high yiedds for the remaining plants, so 
further consid(n*ation was not given to adjusted yields. A variance*- 
analysis of the damage ratings was made in which tlu^ F values for 
irrigation and for varieties both exceeded the l-perc(>nt point. Signifi- 
cant differences in disease (^valuation between the m(*an of 80 irrigated 
and 80 nonirrigated plots was calculated to be 0.162. The actual 
mean difference is 0.344. The mean value of the irrigated plots was 
3.888, while that for nonirrigated plots was 3.544. 

Comparisons of blight damage*, within and b(itw(*en varieties are, 
how(*-ver, more difficult, since the seed for most of the* commercial 
varieties had benm grown in redatively blight-free*, areas, while the se(‘el 
of U. S. No. 1 Refugee and U. S, No. 5 Refugee and all other numbeivxl 
strains had b(u*ii grown at Greele*y, Colo., where bacterial blight is 
fairly common every year. Four varieties showed a nonsignificant 
dee*.rease in bacterial blight with irrigation, 12 varie.tie*is showe*d a 
nonsignificant increase, and only 4 showed a significant increase. In 
the nonirrigated beans, U. S. No. 5 Refugee and Full Measure both 
had the same low average value for bacterial blight (2.625 mean of 
4 plots), and Stringless Greem Refugee was not significantly different. 


2 Synonyms: Phytornmm phaseoli (E. F. Smith) Bergey ot al., and P. medkaginia var. phaseolica Biirk- 
holdor. 

» 0» healthy; 5~ «very severe infection. 
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All other strains and varieties had significani-ly niore blight damage 
than did the first two varieties. In the irrigated plots, IT. S. No. 5 
Refugee was low, with an average valm^ of 3.125, while 10 strains 
showed significantly greater injury. 

EFFECT OF DROUGHT ON SIZE OF POD 

To make possible a study of the effects of drought ou size of pod, 
counts W(M'e mad(^ at (‘ach harv(*st date of the iiumbcu* of pods per 
pound for ('.ach variety and strain. 

The variations in numb(*r of ])ods pt'r pound at the vaiaous harvc^st 
dates arc* shown graphically in figures 2, 3, 4, and 5 so that comparisons 



may be made b('tw(‘(*n tlu^m and su(*h factors as pn'cipitation, niaxi- 
mujii and minimujn tc'nipc'ratnres, and c'vaporation. Tlu^ average pod 
size in ounces is sliown by a solid line, whc’reas a bi'okc'ii line n'pi escuits 
pod size for dates 14 days prior to the a(*tual date's of liarvest. This 
adjusted line was set foi'ward by a period of 14 days Ix'ciause an ('xam- 
illation of the data showc'd that as a ruh^ this was tlui Ic'ngth of time 
that usually elapsed between the oc(*Airrenci* of rainfall and rc'sponse 
by the plants as measured by an increase*, in tlu* size of the pods. 
In those instances where this rule holds true, the* maximum and 
minimum points of the adjusted line should coincides with periods of 
rainfall and drought, respc'ctively. In a few instances there appeal’s 
to have been a period of only 6 or 7 days betw(^('ii rainfall and an 
increase in pod size. A more exact measuremxuit of the time required 
for the plants to respond is not possible, since the harvests wc're made 
only at weekly int('rvals. 
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Ficjure 3. — Comparison of effects of maximum and minimum temperatures, 
evaijoration, and precipitation on average pod size of 35 varieties and strains 
of snap beans, 1936. 


Examination of figure 2, for 1935, appears at first g:lan(*e to show 
but little correspondence between rainfall and pod size, llowt^ver, 
a lig:ht irrigation given betwt'en tli(». first and second harvest periods 
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Figure 4. — Comparison of effects of maximum and minimum temperatures, 
evaporation, and precipitation on average pod size of 35 varieties and strains 
of snap beans, 1937. 


was sufficient to cause a slight increase in pod size about 2 weeks later, 
and a rainy period from the 7th to the 9th of August further increased 
the upward trend. In this latter instance the lag in response of the 
plants did not exceed 10 days. 
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In 1936 (fig. 3) there was a i'apid deenaise in pod size fi oiu August 5, 
tlie dat(^ of the first harvest, to August 17, at which tiiiK'. the effects of 
the rainfall of August 3 and 4 became evident through a slight checking 
of the rapid decrease. From September 8 to 14 theri^ was another 
period of rapid decrease in pod size, which was chiH;k(‘d by the rains 
of September 4, 6, and 8. Thus, in the first instance there was a lag 
ol approximately 14 days between the occurnnice of rain and plant 
r(‘sponsc as measured by a decrease in pod size, and in the second 
instance the effects of rain were evident in from 7 to 11 days. 

In figure 4, for 1937, there is an almost perfect agreement between 
the adjusted line for pod size and the occurrence of rainfall. Thus, 



Figure 5.- ™Coiii})arLson of (‘ffects of maximum and minimum temperatures, 
evaporation, and precipitation on average ])od size of 19 snap bean vari('tles 
grown under irrigation and under dry-land conditions, 1938. 


the rainfall of August 17 had checked the rapid (h^creasc in pod size 
by August 23, and by August 31 it had jiroduced a measurable 
increase. Likewise, the rainfall of August 30 served to check a rapid 
decrease by Septcmlxu* 13, and subsecpient rains on September 3, 5, 0, 
and 7 prevented aiiy further decrease to the end of the harvest season. 
From these data it appears that there was a lag of 7 to 14 days between 
a period of rainfall and response by the plants. 

In figure 5, for 1938, it is possible to make a comparison of average 
pod size from irrigated and unirrigated plots. In this year, however, 
the rainfall of July, August, and Septomlxu’ amounted to 9.74 inches, 
as compared with 3.21 inches in 1935, 2.97 inches in 1936, and 4.24 
inches in 1937 (table 2). This amount of rainfall was evidently 
sufficient to proniote almost normal growth, since additional water 
supplied through irrigation increased pod size to a measurable extent 
only at the third, fourth, and fifth harvest dates. 



550 


Journal of AgriA^vltural Research 


Vol. 62, No. 9 


Table 2. — Precipitation and evapoiation at the United States Horticultural Field 
Station^ Cheyenne, Wyo., 19S5-S8 


Month 

I*recipitation 

Evaporation 

1935 

1936 

1937 

1938 

1936 

1936 

1937 

1938 


Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

January. . 

U. 10 

0. 14 

0.34 

0.17 





February. 

.39 

.34 

. 17 

.10 





March 

.09 

.62 

1.70 

1.21 





April 

2.78 

2. 05 

1.23 

2.41 





May .. 

6.67 

2. 19 

1.91 

2.74 


6. 721 

6. 197 

6. 771 

June 

2.92 

2.61 

2.41 

2.42 

6. 693 

8.506 

6.743 

6. 480 

July - 

.80 

1.26 

2.29 

2.76 

7. 678 

6. 363 

8.603 

6. 969 

August 

.36 

1.17 

l.(K) 

2.28 

8.363 

7. 331 

8. 596 

7.087 

September 

2. 06 

.65 

.96 

4. 70 

6. 443 

6. 687 

6. 218 

6. 956 

Total for July, August, and Sep- 









tember 

3.21 

2.97 

4.24 

9.74 

21.:i84 

20. 381 

1 23.417 

21. 002 

October ... . - , 

.26 

.68 

1.02 

. 52 




_ 

November . 

. 19 

.21 

.20 

.42 





December.- 

.03 

.36 

.79 

.61 




: 

Total for the year 

16.63 

12. 07 

14.01 

20.24 


r”” 







I 


1 



A comparison of the line representing pod size in 1938 with those of 
tlie other 3 years shows that it was much more level during a major 
portion of the harvest season. Coupled with the fact that ther(» was a 
much more even distribution of rainfall in 1938 than in any of the 
oth(>r 3 y(*ars, this may b(^ taken as added evidence that rainfall was 
the most important factor of those nnmsured in determining pod siz(‘. 

From these data it is irnpossible to demonstrate^ whether tempera- 
tures directly influence pod size or wh(>thor they are nnuely con- 
comitant phenomena. It is fairly evident that temperature^ extrenit'S 
are not consistently related to pod size, and so it may be assumed that 
their departure from the optimum range was not sufficient to be an 
important determining factor. General temperature trends, on tlu' 
other hand, show a striking resemblance to. those for changes in pod 
size. To this rule, however, there are several important exceptions, 
and it is believed that the available moisture supply rather than 
temperature is the important deciding factor. 


Table ^.--Annual average number oj pods of snap beans per pound produced in 
tests at Cheyenne, Wyo,, 1935-38 

(I istecl in order of average {lerformanco for all years under test] 


Average number of pods per |M)Uiid 


Varieti(‘s and strains 


388-8-5 

367 

391-16-4. .. 

344 

328 - 

391 - 16 - 2 .. 

280 

282. - 

3()g 

U. S, No. 5 Hefugee. 


1935 
(1 light 
irrigation) 

1936 
(no irri- 
gation) 

1937 
(no irri- 
gation) 

1938 

No irri- j 
gatiou 

Normal 

irrigation 

107. 75 
ia3. 67 
112.83 
96.00 
99.42 

99.17 
90. 26 

96. 17 
100.60 

98.83 

188. 06 
172. 83 
153.17 
154. 78 

156. 66 
146.94 

160.67 

167.28 

164.28 
176. 66 

1 166. 46 

169. 92 
144. 17 
149. 08 
137.88 
146. :i8 
140. 46 
135. 38 
128. 67 
146. 83 







131.42 

130.83 





m58 

9^08 
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Table 3. — Annual average number oj pods of snap beans per pound produced in 
tests at Cheyenne, \Vyo., 1935—38 — -Continued 


Averapi* niiiiibor of pods jht j><)und 


VariotM-s and strains | 

1935 

1936 

1937 

1938 


(1 light 

(no irri- 

(no irri- 




irrigation) 

gallon) 

gation) 

.No irri- 

Normal 





gation 

irrigation 

:jyj 1-4 ... 

.... . . 1 

t 104. 17 

1.58.00 

135. 54 

121.25 

115. 92 

305. 

1 9.3. 08 

' 149. 00 

131. 71 

1 126. 42 

1.34. .50 

309 . . 

i 98. 33 

1.55. 83 

1.33. 13 

117.25 

124. 25 

2S7 - 

99. 00 

1511. 61 

135. 88 

124.08 

11.5.25 

285 . . . , 

HK). 00 

149.94 

129. 67 



1. S. No, 1 llefunea . 

96. 08 

150. 22 

129.04 

123. 25 

126. 17 

388-1-5.. 

83. 17 - 

176.44 

146. 04 

108. 68 

106. 17 

283 - . 

94. 42 

147. 89 

129. 88 



229 

! 95. 92 

141. 11 

134. 92 



286 

j 93. 00 

151.72 

131. 54 

121. W) 

122. 08 

;K)4 

95. 75 

148.61 

131. 75 

123. 25 

116. 75 

284,„_. . 

1 98. 83 

149. 67 

132. 04 

117.67 

116. 25 

Striiipless Oreen Kofugee. 

99.08 

151.33 

143. 29 

118.58 

103.00 

919 . . .. 

97.25 

154. 17 

132. .58 

1 10. 00 

113. 83 

228 

98.33 

151.11 

127. 67 

118. 92 

109. .50 

388 -7 0 ^ 

114.42 

128. 67 

1 19. 33 



391 15 ll 

89. 75 

1.33. 72 

127. 13 




.i41 - 

86. 25 

1.35. 94 

126. 38 



388 6 2 . 

87. 00 

131, 89 

121.. 58 

120.00' 

110.75 

312 

83. (M) 

LK). 89 

1 12.5. .54 



Brittle Wax 

79. 92 

! 114.83 

IfK). 96 

94.08 

98. .50 

(Jiant Stringk'ss Greenpod . 

74. 67 

! 114.44 

i 103. .50 

99. 17 

91.67 

Murpoo Stringless Greeiij)od . 

86. 33 

106. 89 

: 94. 04 



Full Measure 

68. 42 

1 101.. 56 

10.5.38 

05. 83 

97. 17 

New Stringless Greeiiiiod 

66. 67 

95. 00 

104. 42 

103. 33 

92.33 

Average f<»r all variolies 

93. 93 

; 145. 76 

j 131.05 

1 1 16. 53 

111.. 53 

Signilit-ant did’ere n oe h o t w ee n 

i 

j 




varieties 

i 11.71 

I 14. 45 

1 9. 91 

; 1.5.49 

15.49 

Standard error 

4. 14 

i 5.11 

1 3. .50 

! .5. 48 

5.48 


Table 8 shows as seasonal avtu-a^es tlu' miinber of pods per pound for 
vari(‘ti(‘s and strains of beans tesitul each yc^ar. Tlu^ order of 
listinjz; tliesc^ varieties and strains was determiiK'd by taking an 
aveiagc' of their jjerforinanees for all tlu^ years that they were under 
test. Thus, strain 888-8 5, which was under test for 8 years, produced 
on an average llu^ greatest number of pods per pound, whereas New 
Stringh'ss (Irecuipod produc(‘d the least nuinbei- of pods per pound 
for the 4 years that it was under test. 

Exact comparisons of tin* performances of these' varii'tie's and strains 
fi*oin yc'ar to y(*ar an* not possible because of change's in e'.xperimeiital 
design that maele a generalizeel analysis of tlu' data for all ye'ars 
impossible. It is interesting to note', howeve'r, that the average* 
7iumbeu* of pods per pound is gre'ater foj* the^ dry se'ase)ns of 1986 and 
1987 than it is feir 1985, when one irrigation was give'ii, or for 1988, 
tlie year of most al)undant rainfall. 

Comparisons between varieties and strains grown in any give'ii year 
may be made with the aid of the values for significance appearing at 
the bottom of table 8. By such compariseHis it is e'vident that in 
some varie'ties pod size is a fairly stable (‘haracteristic. This is 
especially true of the commercial varieties Brittle Wax, Giant String- 
less Greenpod, Full Measure, New Stringless Greenpod, and Burpee 
Stringless Greenpod, which, with the exception of the last-named 
variety in 1935, consistently produced larger pods than most of the 
hybrid strains or than U. S. No. 1 Refugee or IJ. S. No. 5 Refugee. 
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On the other hand, such unstable strains as 344, 285, 280, 388-1-5, 
or 388-7-6 showed relatively much greater variability from year to 
year. Except in 1937, U. S. No. 1 Refugee did not difler significantly 
in pod size from Stringless Green Refugee; but U. S. No. 5 Refugee 
was more variable, as may be seen by its much greater reduction in 
size under conditions of extreme drought such as existed in 1936 and 
1937. 

As has already been stated, counts were*, made of the number of 
pods per pound at each harvest date; and though it did not seem worth 
while to analyze these data for each date, an analysis was made 
that included an early, a midseason, and a late harvest. This analysis 
showed that there was a highly significant interaction b(»tween varieties 
and periods for the years 1935, 1936, and 1937. In ('a(*h case the F 
value exceediHl the f 1-percent point. In the interest of brevity, 
only the data for 1935 are shown in detail (table 4). By the ai(l 
of the values appended to table 4 it is possible to measure the signifi- 
cance of the various interactions and that of the differences between 
and within varieties at each harvest period. 


Table 4. — Number of pods of snap beam per pound at early, midseason, and late 
harvest dales in tests at Cheyenne, Wyo., 19Sr> 


Varieties and strains 

Early 

harvesl 

Mid- 
season 
liar vest 

Ijate 

liarv(‘.st 

Varieties and strains 

Early 

harvest 

Mid- 

season 

harvest 

Late 

harvest 


Number 

Number 

Number 


Number 

Number 

Number 

388-8-5 

101.. 50 

112. 75 

109. (K) 

284 

74.00 

ll.5.(X) 

107. .50 

367 .. 

103. 25 

urn. 25 

98. 60 

Stringless (Ircen Ridu- 




391-15-4 

102. .50 

120.50 

11.5. ,50 

KlHJ ---- 

90. 2.5 

115. 25 

91.7,5 

.344 

95. 75 

103. 75 

88. .50 

919— 

77. 25 

102. 2.5 

112. 25 

.328 

87. (X) 

105.75 

105. ,50 

228 


103. 2.5 

118.(X) 

391-1. 5-2 - 

88. 75 

104. .50 

104. 25 

388-7-6 

104. (H) 

120.(X) 

119.25 

280 

74. 50 

99. 75 

96. .50 

391-1.5“ 11 

84. (X) 

98. 00 

87. 25 

282 .... _ . 

79. 75 

102. 25 

106. 50 

341 

72. 25 

83. .50 

103. (K) 

sm ... . 1 

81.75 

109. 25 

110,50 

388-6-2 

78. (X) 

' 89. (X) 

94. IX) 

U. S. No. 5 Refugee- . 

84.25 

97. 25 

11.5. 00 

342 - 

69. (X) 

! '88. 25 

91.75 

391-1-4 

88. .50 

111.75 

112. 25 

I3rittle Wait- 

.59. 25 

75. 00 

105. .50 

305 ; 

78.50 

98. (K) 

102. 75 

Giant Stringlcss Qroon- 



1 

309 

77.00 

93,50 

124.50 

pod 

59. 75 

77.75 

86. .50 

287— 

82.25 1 

111.75 

103.00 

Burpee Stringless 




285 

83.25 i 

108. 00 

108. 75 

Greenpod 

65. 25 

73. 75 

120. 00 

IT. S. No. 1 Refugee.--. 

84.00 

106. 00 

98. 25 

Full Measure 

58. 00 

1 66. 50 

80. 75 

388-1-5- - 

78. 75 

85. 25 

85. ,50 

New Stringless Green- 
pod 




283. 

80. 75 

98. 25 

KM. 25 

.59. 50 

77. ,50 

63. (X) 

22t» 

79. 75 
82, 50 

108. .50 
100, 50 

99.50 

96.00 


286 - . 

Average 

80. 71 

99. 33 

101. 74 

.304 - . 

86.25 1 

1 

105. 00 

96.00 








Value for slpnificanco between averages for periods, 3.34; standard error, 1.18. 

Value for significance between any two means in the table, 20.2H; standard error, 7.17. 
Value for significance for interaction “strains X periods, “ 28.69. 


From the data given it will be seen that 12 varieties and strains 
produced a greater number of pods per pound at the midseason than 
at the early harvest, and none produced less. Stringless Green 
Refugee shows a significant decrease in number of pods per pound 
between the midseason and late harvest periods, whereas No. 309, 
Brittle Wax, and Burpee Stringless Greenpod show an increase. 
Most of the interactions implied by these differences have been found 
to be significant. 
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SUMMARY 

Diirmg a. 4-ycar poriod cortaiii conimercial varieties of snap beans 
were coinpared with U. S. No* 1 Refugee and U. S. No. 5 Refugee 
beans and several related strains to determine variations in tlnur 
relative drought tolerance. 

Under the conditions of these tests it was shown that U. S. No. 1 
Refugee and U. S. No. 5 R(dug(ie and certain hybrid strains possessed 
the ability to yield better under drought or simidrought conditions 
than the commercial varieti(>s tested. 

In 1938 the app(>aranc.(^. of bacterial blight (Bacterium phaseoli 
E. F. Smith and Bcwt, rnedicaginis var. phmeolicola Burk.) complicated 
to some ('xt(uvt the (h'tivrmiiiation of drought effects. 

A study of the relative damage caused by bact('rial blight on the 19 
varieties and str ains und(‘r test in the dry-land plots showed that U. S. 
No. 5 R(‘iugee and Full Measur*e w'cu'e tliii least injured, though String- 
less Green Refugee was not significantly diffenuxt. All other varieties 
and strains showx'd significantly giTater damage than the first two 
varieties. In tlu^ irrigated plots U. S. No. 5 Refugee showcnl th('. least 
injury, and 10 varieties and strains W(»re significantly more damaged. 

A comparison of the (dfects of maximum and minimum Uanpera- 
tures, evaporation, and rainfall on pod size showed that rainfall was 
tlu' most im])()rtant determining factor. In geiural, ther(‘ was a 
lapse of fr'om 7 to 14 days from tlu* time that r ain fell until thei'c was 
a, m(*asurabl(* dilh'n'nce in po<l size. 

A majority of the varieties and stiuins under- tc'st showed a signifi- 
cant deciTas(* in pod size wh(*n(*v(‘r available soil moisture became a 
limiting factor. C\*rtain of th(*m, howevc*!-, show(‘d an actual increase 
in pod size. 

In gen(*ral, tlu* cojnjn(*i'chil varieties were moi-(*. stable with respect 
to pod size than the hybr id strains. 




MOTTLE LEAF, A VIRUS DISEASE OF CHERRIES • 

By E. L. Reeves 2 

Assistant pathologist, Division of Fruit and Vegetable Crops and Diseases, Bureau 
of Plant Industry, United States Department of Agriculture 

INTRODUCTION 

A graft-traiismissiblc? disease of cherry trends lu‘rein rehuTiMl to as 
mottle leaf is known to have existed in different sections of tin' Pacific. 
Northwest for the last several ycuxrs. In 1917 D. F. Fisher photo- 
graphed chc'rry l(‘.af spc'ciinens colh'ctcMl n(‘ar Monitor, Wash., which 
exhibited symptoms similar to motth' l(»af. Zeller (<S’) ^ reported 
having obs(»rv(Ml the disease in 1920 on Napohon (Royal Ann) cherry 
trees growing in Oregon. Leaf specimens exhibiting typical mottle 
l(*af symptoms were obser ved in the collection of Dr. C. W. Himg(‘r- 
ford, Univereity of Idaho, from Bing cherry tn^es growing in th(‘. 
Lewiston (Idaho) district, and collected September 1, 1922. Cherry 
leaves (!ollected by B. F. Dana near Kennewi(*Jv, Wash., during tin? 
suinnn'r of 1924 and d(‘posited in the co]le(*4ions of the Department of 
Plant Pathology, States College of Washington, have also been 
examined, and these apparently represent typical mottle leaf. Sev- 
eral oi-chardists m^ar Weuiatchee, Wash., have* given interesting a.c.- 
counts of the (‘arly appearance of peculiar inalformeMl leaves on the'ir 
e*hevrry trees, anel it is considereel probable that as early as 1910 a fe»w 
e'he'rry trends growing in the north euntral part of Washington we»re‘ 
affe'ed-ed by mottle' h'af. At the' picse'iit time swe'et. edierry tre'e*s 
growing in Washington, Ore'gon, lehiho, and British Columbia liave 
l)e'e'n found to be', affected by the^ disoreler. In California, one' Water- 
house cherry tree' was observed that e'.xhibited symptoms e'onsidered 
typieml of mottle h'af. 

Preliminary investigatie)ns icportcel in 1935 by McLarty '^ and by 
Re*eves (6*) de'inonstrate'el that mottle leaf was a graft-ti-ansmissible 
elisease of swee't eJie'rrie's. Previously, the disorde'r hael bee'ii vaguely 
attributed te) various factors suedi as unfavorable soil conditions, severe 
spring frosts, rosette' or little half, poor root systems, chlorosis, and 
crown gall. Subsequent observations and traiismissie)n te'sts have 
definitely indicated that the* disease is of virus origin and also have 
reve^aled that variations of symptom expiossion occur on diffe>rent 
varieties of both sweet and sour cherrie>s. Mottle leaf has been 
observed oe*curring naturally unde*r field conditions on the* swe'e't edierry 
(Prunus arium L.) and tlie wild cherry (P. etnarginata (Dougl.) 
Walp.), but it has been transmitted to othe'r species of Prunus, The 

‘ Received for publication December HI , 1940. The material presented herein represents the substance of u 
thesis submitted to the faculty of the Oraduate School of the State ColleKe of Washington in partial fulfill- 
ment of the ro(iuirements for the degree of master of science. 

2 Special appreciation is expressed to C. P. Harley, of this Division, and to J^r. F. D. Heald, of the State 
College of Washington, for advice and suggestions during the course of this work; and to Dr. J^ee M. 
Hutchins and Dr. John W. Roberts, of this Division, for helpful criticism of the maniLscript. 

3 Unpublished photograph is in possession of author. 
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purpose of this paper is to present the results of studies on symptoms 
and transmission of cherry mottle leaf, together with incidental data 
gathered during the course of the investigation. 

LEAF SYMPTOMS 

The leaves of cherry trees affected by mottle leaf exhibit the most 
distinctive symptoms of the disorder, although a considerable varia- 
tion in the intensity of the leaf symptoms exists among different 
cherry varieties and to some (»xtent among different trees of the same 
variety. In the Wenatchee, Wash., district, where most of the ob- 
servations have been made, the most commonly affectcHl variety is the 
Bing. This variety is important commercially in the l^acific North- 
west, particularly in the State of Washington, where Bing constitutes 
approximately 58 percent of all sweet cherry trees according to a tree 
survey made in 1936.® 

The leaves from a severely affected Bing tree shown in figure 1,-4, 
exhibit the mottling of color and puckered leaf condition characteristic 
of the disorder. TIh^ periphery of the leaves is irregular, and mid vein 
and lateral veins failed to develop as in a normal leaf, with the result 
that the leaf has become puckered and misshapen. .Light-yellow or 
yellowish-green areas and spots appear in the interveinal tissue and 
along the veins. T^’licse chlorotic areas become apparent soon after 
the leaves unfold in the spring, ancl produce the conspicuous mottling 
that on the Bing variety remains evident throughout the period of 
foliation. No retarded foliation of diseased trees has been observed, 
and the leaves do not fall prematurely. Some of the spots and 
irregular light-colored areas may drop out, leaving holes or irregular 
perforations in the leaf. The chlorotic areas are quite translucent 
in transmitted light, in contrast to the nearly opaque green tissue 
of the leaf. Practically all leaves on a severely diseased Bing tree’s 
exhibit symptoms and on the average are smaller than the leaves of 
a healthy tree. Figure 1 , B, illustrates an. extreme difference in size 
between leaves from a healthy tree and leaves from a severely diseased 
tree, but the average difference is striking enough to be noticeable. 
When one becomes familiar with mottle leaf symptoms, affected trees 
may be recognized from a considerable distance because of the 
abnormal appearance of the foliage. 

Certain variations in leaf symptoms may occur, particularly during 
the first year that a tree is naturally affected by mottle leaf. Examples 
of such variations are shown in figure 2. Ii\ A the leaf shows some 
ruffling and little mottling of color. In B and C the leaves exhibit 
no rugosity, but the chloroticjareas^revplainly evident, approximating 
a veinlet clearing in 5 to a distinct chlorosis along the veinlets in C. 
In D the leaf is almost entirely chlorotic in appearance and slightly 
ruffled. The leaves of an average diseased Bing tree usually exliibit 
symptoms ranging from moderate (fig. 2, E) to the more intense or 
severe symptoms shown in figure 1, -4. In figure 2, F, the leaf is 
from a healthy Bing tree. All the leaves in figure 2 showing symptoms 
were taken from naturally infected trees. Leaves with symptoms 
considered typical of mottle leaf are usually in greater abundance on 
a tree than those with atypical symptoms. In instances where 


•HEISlCf, C. P. WA8inN(iTON TREE FRUIT AND BKKRY ACREAOK 8UBVEV. Wash. Agr. ExiH. Sta. 1037. 
Mimeographed.] 
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diseased trees exliibit leaf symptoms similar to those in figure 2, 
C and D, the question might be raised as to whether some virus 
other than the infective principle responsible for typical mottle leaf 



Figure 1. — Loaves from imiiirally infected Hing cherry trees, sliowing severe 
mottle leaf symptoms. A, Four leaves exhibiting the mottling of color and 
puckering characteristic of tlie disorder. About four-fifths natural size. 
(Photographed by transmitted light.) li. Twigs from a healthy («) and from 
a diseased (fe) Bing cherry tree, showing tlie difference in h^af size. About 
one-third natural size. (Photographed by transmitted and reflected light.) 

might be responsible for the variable symptoms. This question 
cannot be definitely answered, althougli results of transmission tests 
up to the present time suggest that only one virus is involved, since 
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vamble loaf symptoms have not upj)earc(l on ^raft-inoculated trees, 
m.l 1®, affected by mottle leaf, the symptoms he- 

qut.ntly appear only on leaves of a few branches. l.fLially in the 




Fioure 2,~ A D, Symptom variation« of cherry mottle leaf: E renresent alive of 
leaved moderate intensity; F, leaf from a healthy tree! All 

mPtedPjdit)*^ ^ ^ (PJmtographed by trans- 


second year the majority of leaves are mottled and the symptoms 
become more pronounced; the leaves often <lecrease in sue during 
succeeding years, 
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A few trees have been observed in wliicdi leaf syniploins were 
noticeably less intense* than in preceding yeai's. TJiis (lec’rease cannot 
be accounted for except, fjorhaps, on the basis of more favorable 
cultural and growing conditions. No tree has beeii known to recover 
from mottle leaf, and any elecrease in severity of symptoms has not 
been sufficient to cause doubt as to the identity of the disorder. 

EFFECT OF MOTTLE LEAF ON GROWTH AND FRUIT OF TREE 

Studies on the elfect of mottle leaf on the growth and fruit of the 
ti*ee have been directed mainly to the Bing and Napoleon varieties. 
In general, the exteiit to which growth and fruit of the tree were 
alfected could be coiTelated with the severity of leaf symptoms, the 
length of time tlie tree had been diseased, and the size of the fruit 
crop. 

The terminal growth of diseased trees was less than that of healthy 
trees growing under similar cultural conditions. Tla^ first year a 
tree w^as affected there was litth* or no (*fleet on the growth. After 
2 or more yc'ais the i-eduction in U'rrninal growth was espeeially 
notic(‘abl(* if the leaf symptoms were severe. In advanc(*d stages of 
th(' dis(*as(', tin* spurs made short growths and tlu'n* was a general 
stunting of the* tree. 

Blossoming dates and tin* eharact(‘r of the blossoms have apparently 
not b(*('n inllu(‘nced by motth* leaf, and th(‘re was litth* or no difference 
in the (juality of tin* fruit tin* first year a tree (*xhil)ited leaf symptoms. 
Tro(^s bcairing a, hea vy erof) of fruit and knowm to be severely affected 
by niottl(*> l(*af for 3 or more .years have b(‘en found to produce but 
litth* mark(*tal)le fruit, or none at all. Tlie fruit on such trees was 
usually undersized, insipid, and late ir\ rip(‘ning. After 2 or 3 years 
th(* dis(*ase evidently influenc(*s leaf function to the extent that a 
heavy ciop of fi*uit cannot mature pro])(‘rly. Wlu'n bearing oidy a 
light (‘rop, a tree aff(*ct(Ml by motth* leaf may produce fi*uits of nearly 
normal siz(^ that arc* only slightly insi])id. In g(*neral, how"ev(*r, Bing 
and Napoleon trc'cs aff(*et(*d by motth* leaf for more* tluvn 2 yc'ars luive 
not produced a comm(*rcinl crop of fruit. Occasionally small, irr(*g- 
ular, light-l)row'n n(*crotic an*as dev(‘lop(‘d on tlu* fruits of sev(*rely 
diseased Napoleon tr(*es 3 or 4 w^(*(*ks b(*for(* harvest. As the fruit 
approached maturity tlu* n(*crotic areas b(*came sliglitly (h*press(*d, 
causing the* fruit to l)(*(H>me misshapen. Th(*S(‘ necrotic ai*(*as do not 
necessarily dev(*lop on the fruits of an aMeelc'd trc'c* in successive y(*ars, 
and factors otluM’ tluin the disease may lx* ])artly or wliolly responsibh^ 
for the condition. 

VARIETAL SUSCEPTIBILITY 

OCCUKllENCE OF MOTTLE LEAF UNDER FIELD CONDITIONS 

Under field conditions in tin* Pacific Northwest, oidy four vaiieties 
of sweet cherries (Prunus avium L.) ha ve* been found wdth mot tle leaf 
symptoms. The Bing is most often affected, and because this variety 
exhibits definite and s(*v('.r(* leaf symptoms it wuis selected as tlie test 
vuiriety for experimental work. Naturally affected tr(*es of the 
Napoleon (Royal Ann), a variidy that const itut(*s approximately 17 
percent ^ of the comm(*rcially planted swyet ch(*rry trees in Washing- 


^ See foot note fi. 
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ton, often show leaf symptoms equally as severe as are shown by 
trees of the Bin^ variety. The Waterhouse or Long Stem Water- 
house, a rather unimportant variety commercially, also exhibits 
definite leaf symptoms. The fourth variety found affected under 
field conditions is the Lambert, which constitutes approximaUdy 18 
percent ^ of the commercially planted sweet cherries in Washington. 
However, only three Lambert trees with mottle leaf symptoms, all 
located in one orchard near Wenatchee, hav(^ been disco ver(>d. A 
comparatively few leaves on each tree were affected, and the symptoms 
were attenuated and somewhat fugitive. Moderate interveinal 
chlorosis, accompanied by a si ght leaf ruffling (fig. 3), was found on 



Figure 3.— -Sym})toins of mott>lci l(?af in Lambert cherry, sshowing moderate inter- 
veinal chlorosis and slight leaf ruffling. (Photographed l>y transmitted and 
reflected light.) 


about 20 perciuit of the leaves 5 to 6 weeks after growth start.(»d in 
the spring. The chlorosis was evident until shortly after harvest and 
then gradually disappeared, although the leaf ruffling persisted for 
some time. With these exceptions Lambert was found to be quite 
free from symptom expression. 


TRANSMISSION EXPERIMENTS 


In order to determine leaf symptoms of mottle leaf on varieties ap- 
parp^tly free from the condition in the field, two methods of procedure 

' liie (botaote Q, 
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were (‘mployiHl: (1) Buds of different cherry varieties were budded 
into dis(‘as(Ml Binj? tn^es, and (2) buds from diseased Bing trees were 
budded inln h(*altliy young trees of different varieties. In instances 
wh(U*(». leaf symptoms were not clearly discernible on the test trees 
infected by budding, buds were taken from such trees and placed in 
healthy young Bing trc'es to prove the presence of the virus in tissues 
of the variety so t('st(‘,d. No variety provt‘d to be immune, although 
several varieties wtu‘(‘ highly tolerant and practically symptomless. 

Eleven varieties of swecd. cherries were t(>sted by budding into 
diseased Bing tTiH>s, with the result that four varieties — Bing, Napo- 
leon, Waterhouse, and Ciuitennial — exhibited severe leaf symptoms. 
Somewhat variable symptom expression was obtained for Black 
Tartarian, Republican, Early Purple, and Governor Wood varieties, 
but th(‘ knaves were definitely ruffled and in a few instancies chlorotic 
spots appi'ared. However, the mottling of these four varieties was 
mostly fugitive and was entirely absent fi*om many trees. The leaf 
symptoms for the Deacon and Jhirkhill vSiaedling varieties proved to 
!)(' much the same as for the Lambert (kescribiMl above. 

IffiriM' vai‘ieti('s of sour ch(‘rries {Prunus cerasus L.) were tested 
and all i)i*oved tolerant to mottle leaf. The Montmoreiu'y and Early 
Richmond vari(*ti(*s exhibited occasional chlorotic spots on a few 
l('av(‘S, but no leaf ruffling was observed. No symptoms of any 
kind wer(‘ found on halves of English Morello. 

Thrive vari(‘ti(^s of duke cherries {Prunus avium X P- cerasus) were 
tested and are consid(M*ed tolerant to mottle leaf. Occasional leaves 
of the May Duke vai’iety exhibited light mottling for a short time 
and weri‘ also slightly j’uffled. Practically no leaf mottling was 
observed on eith(‘r Ijat(» Duke or McKee, and there' was only occa- 
sional slight ruffling of a few leaves. 

Maliah'b tnn'S {Prunus mahaleh L.) gi*own from se'cd and inoculated 
with mottle h‘af by budding showed practicailly no hraf symptoms. 
However, when buds trom healthy mahah'b In'cs were budded into 
diseased Bing trees, a f(*w chlorotic spots and slight leaf curling 
(h'v eloped on about 10 pe'rcc'iit of the leave's on tlu' growth fr'om the 
mahaleb buds. The' mahah'h was there'fore'- considered partially 
toh'i*ant to mottles leaf. 

Wild clie'rry tre'e*s {Prunus emar(jina.ta) growing in their native 
habitat anel buehh'd wdtli elisease'd Bing buels produced h*aves with 
vaiiable mottling and light leaf ruffling. When buds we're taken 
from the wild ch(*rry and budde'd into diseased Bing tre'es, a few of 
the' wild che'rry h'ave'S showed light ruffling and a changer of color 
approximating interve'inal clilorosis. In 1986 h'aves of somewdiat 
similar appearancer wei’er obse'rved on wild cherry trert'S growing under 
natural conditions (fig. 4). Wheui buds taken from the'se trenrs were 
inserted into healthy Bing trees severe mottling characteristics of 
JTiottle leaf rc'sulted. Some of the wild cherry trees on which the 
diserase occurred naturally we're growmg within 40 feet of a mottled 
Bing tree. This wmuld suggest a possible re'lationship between the 
disease on the Bing and that on the wild e-herry because' of their 
proximity. This particular situation indicates tlie possibility of an 
insect vector attaedcing both the sweet cheuTy and the native wild 
cherry, whie*h may have an important bearing on the natural spread 
of the disease. In the north central part of Washington, it has been 
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(‘oinjTioiiIy ()hs(‘i*vc(l tliat lr(*(‘s alT(M*t.(Hl with inot.tlo l(‘af aro more' 
pr(*val('Tit in orchards ])lant(Hl in (*anyons and in foothill orchards 
near which nativ(‘ w ild clu'rry trt'cs arc', ^rowiiif^. 

Tabh' 1 pj(»s(‘]its a suniniary of the h'uf symptoms of motth‘ l(‘af 
(‘xhibited by diffca-ent species and varieti(*s of cherric'S, with remai'ks 
(roncernin^ th(‘ relative intensity of symj)tom majiifestation in the 
h‘av(‘s. Since obsevrvations for some* va.ri(^ties wcf'c .made' on youn^ 
tre(‘s and since* leaf symptoms for a vari(*ty jnay be variabh*, this 
tabh* wdll be subje(*t to additions and revision as additional informa- 
tion is obtained. 



Fkm.tkk 4. — 8ym]nom.s of mottle leaf in a naturally infected native wild cherry 
(PrunuH e.marginata) . Normal leaf at left. (Photograplual by transmitted 
light.) Healthy Bing trees inoculated by budding from such wdld cherry trees 
produced leaves with very severe mottle leaf symptoms similar to those illus- 
trated in figure 1, ii. 

Attempts w(*r(^ made to transmit mottle leaf to dillerent varieties 
of plum, peach, and api*i(!ot. Buds from diseased Bing trees were 
inserted into Climax plum, Italian Prum* plum, Double X Agt'ii 
(French Petite) plum. Late Crawford p(»ach, Triumph peach, Tilton 
apricot, Wenatchee Moor])ark apricot, and Riland apricot. Five 
young trees of each variety w'^ivre used in the experiment; two inf(*ctive 
buds were inserted into c^ach tree in 1930, and three or more buds in 
1937. None of the buds lived, and upon examination no evidence 
was found of tissiu* union. Since no tissue union was (*stablished 
between diseased and h(*althy tissue, all trees remained free from 
mottle leaf. These tests, therefore, failed to show whether or not 
plums, peaches, and apricots are susceptible. 

In 1939, under greenhouse conditions, healthy Bing scions were 
successfully grafted on branches of three J. H. Hale peach trees. 
Buds from diseased Bing trees were then inserted into trunks of the 
peach trees, and growth union was established. Typical mottle leaf 
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syiiii)i.()Ji:s ai)ponr(*(l on lt‘av(‘s of tho Bin^ scions, w hicli (Icnionst ratcd 
tliat tin* virus had passc'd throiij2:li the iissuos of tin* ])(*acli. A few 
of tin' pc'acli l(*aY(*s also (‘xhibited a slight, mottling. 

'Tablk 1,- Relative inteunty aj mottle leaf ay mptoms in apeciea and varieties 

of cherries 


Spccit'S of cherry I Variety 


Leaf symptoms 

Mottlinn I Kut?osiiy 


j/Bitiy Pronounced 

Naimleon. <lo .. 

Waterliouse Moderate . 

1 Centennial do 

! Black 'rartarian Slight, variat)h' 

Pniniift tirin m ( Karly I’lirple do 

Oovernor Wood 1 do _ 

Kepublican ! <lo 

Lambert j Slight, fugitiv** 

; l)(‘aeon i - - do 

U'arkh ill seedling i do 

Montmonmey i Occasional slight - 

/*. verintiis -{Karly Kichmond i do 

English Morell(» I Xone 

/'. avium X P. May Duke j Occasional, slight 

cerasim Late Duk<' . j Very slight, fugitivi* 

iMcKee ; <lo 

l\ muhaleU Mahalob j Occasional, slight 

P. ('mauiiuata j Wild cherry ; Me<linnj, fugitive. 


I Severely jaickered. 
1 ) 0 . 

I Puckered. 

I 1)0. 

I .Moderately rnflled. 
Do. 

Do. 

1 >o. 

Lightly rutiled. 

Do. 

Do. 

None. 


Lightly rutiled. 
Occasional light ruffling. 
Do. 

Do. 

Do. 


As previously mentioned, preliminary transmission tests, started in 
lOIM and rejiorted in 1935 (6'), indicated that mottle leaf could be 
transmitted froni diseased to healthy cherry trees by the ordinary 
methods of budding or grafting; and further tests have demonstrated 
that the disease could be transmitted by any means where growth 
union was established betweem diseased and healthy tissues. Jn 
August 1935, l)uds from diseased trees were budded into 27 healthy 
trees of 9 ditTerent varieties of sweet and sour cherries. The infective* 
buds remained in good condition until late in October 1935, when 
eai’ly cold weather killed all the buds and seriously injured most of 
the trees. With the exception of one tree, which was winter-killed, 
all trees later proved to be infected with mottle leaf. Later tests 
sliowed that any ‘‘patch-bark” graft was effective in transmitting the 
disease whenever growth union of tissues was established. 

The time necessary for the development of leaf symptoms after 
artificial bud or graft inoculation appaiently varies with difi’erent 
conditions. A scion from a diseased Bing tree was tongue-grafted 
on a small branch of a young healthy Napoleon tree March 28, 1935, 
before growth started. The first leaves corning out on tlie scion showed 
typical mottle leaf symptoms. On June 20, 1935, 84 days after the 
graft was made, the terminal leaves on an adjacent Napoleon shoot 
exhibited symptonis of mottle leaf (fig. 5). Later in the season 
mottle leaf also appeared on leaves of the cuiTent season’s growth on 
other branches of the main lateral limb on which the inoculating scion 
had been grafted. ]>eaf symptoms did not appear on the leaves of 
other main lateral limbs until 1936. 

In an experiment designed to test transmission of mottle leaf 
t lirough the roots, an old diseased tree was (Uit down and roots % to \ )i 
inches in diameter were uncovered. On April 28, 1939, 20 young 
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liealthy Bing trees were root-grafted to the roots of tlie diseased tree, 
and 7 showed definite leaf symptoms 60 days after the grafts were 
made. Later, all the trees that formed a growth union with the roots 
of the diseased tree showed mottle leaf symptoms. 

In the following experiment, symptoms were obtained 37 days after 
itifective buds were placed in healthy trees. Bud sticks taken from a 
diseased Bing tree in January 1937 were held in 32° F. storage until 



Figure 5. — Spread of mottle leaf on a Napoleon cherry tree. On March 28, 
1935, a scion from a diseased Bing tree was tongue-grafted on the small upper 
branch at the point indicated by arrow. All leaves on the scion show symp- 
toms. A leaf on the lower branch, the tip of which is held by hand, was the 
first leaf of the newlv ijifected tree to show symptoms. (Photographed 
July 2, 1935.) 

June 5, 1937, and at this time the buds were inserted into healthy 
young Bing trees. On July 12, 1937, mottle leaf symptoms were 
observed on leaves of two of the seven trees used in tlu'. test. Under 
greenhouse conditions the time necessary for the development of leaf 
symptoms after bud inoculation was considerably shortened. When 
healthy young Bing tree^ growing in the greenhouse were so inoculated, 
faint leaf symptoms occurred on a few leaves in 9 days, and the same 
leaves showed definite mottle leaf 14 days after budding. Under field 
conditions, budding or grafting in midsummer or later failed to 
produce symptoms of the disease until the following spring. 
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Evidoiice that ili(> iTif(H*tivo principle of mottle loaf is transported 
in th(^ tree by conductive tissues of the pliloein was obtained by ring- 
ing experiments. A ring of bark about 4 to 6 mm. in width was 
removed from the trunk of each of 10 young Bing trees, from 3 to 4 
feet in height, and diseased buds were inserted above or Ix'low the 
ring. Mottle leaf symptoms developed on the side of the ring where 
the infective bud was inserted, but in no instance did symptoms 
develop on the opposite side of th(‘ ring. 

All mechanical methods of transmission employed, where no growth 
union of tissiie was established, have b(*en unsuccessful in trans- 
mitting mottle l('af. Many mechanical methods of transmitting 
virus diseases as used by other investigators, or adaptations thereof, 
have been employed in an attempt to ti^ansmit mottle leaf. Juice 
from diseased plants was obtaimxl by grinding eitlnu* h^avc'S or tender 
stem tissues or both in a mortar and pressing th(‘ jui(‘(* through 
cheesecloth. In sonu* instance's a small amount of distilled water 
was add(‘d during the grinding procc'ss. The juice thus obtained was 
used in diffe'rent wa^s in an attempt to inoculate' healthy cherry trees. 
The four principal methods e'lnploye'd were (1) injection of juice into 
the base of leaf petiole^s and tende'r stemi tissue by means of a fine 
hypodermic! needle; (2) the use of e*arborundum in applying juice to 
leave's as e'mployed by Rawlins anel Tompkins (J) except that a 400- 
nie'sh instead of a OOO-mesh grade carborundum was employed; (3) 
rubbing leave's with a piece' of che'e*se'cloth saturated with juice with- 
out eunploying e'arborundum ; and (4) placing a drop of juice on the 
leaf to be inoculateel and pricking through the drop with a fine needle. 
Othe'T methods e'mployed were (1) bineling toge'tlu'r disc'ased anel 
healthy leave's and pricking through the'in with fine' needle's; (2) 
holding a diseased leaf against the stem of a healthy plant and prie'k- 
ing the leaf with fine needle's; ariei (3) cutting into stem tissue of a 
healthy plant with a knife used to cut steuns or leavers of a diseaseei 
tree. No indication was obtained that transmission of mottle leaf 
was e'ffccte'ei by any of the mechanical methexls employed. 

SPREAD OF MOTTLE LEAF IN THE FIELD 

The manner in which mottle leaf of cherries spreads in the fielel is 
as yet unknown. It is considered probable, howevc'i*, that an insect 
vector is responsible for natural mottle leaf infc'ctions. Only one 
insect, the black cherry aphid {Myzus cerasi (F.)), was testeef as a 
possible vector in the present study. No evidc'nce of transmission 
was obtained. 

There was considerable variation in the rapidity with which thc^ 
disease sprc'ad in different orchards undc'r observation in the north- 
central part of Washington. In several orchards no new infections 
have occurred during the past 4 years, but, on the other hand, new 
infections have increased rapidly in a few. For example, in one small 
planting of 84 cherry trees, 6 showed mottle leaf in 1935; 1 additional 
tree developed leaf symptoms in 1936; no new infections occurred in 
1937; then 21 additional trees showed leaf symptoms in 1938. Out 
of 52 cherry orchards in the north-central part of Washington, in 
which one or more diseased trees were located, the spread of the dis- 
order has been considered serious in only 7 during the last 4 years. 
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ATTEMPTS TO INACTIVATE THE VIRUS BY HOT-WATER 
TREATMENT 

Following (*ss(*ntially lh(‘ luothod omployt‘(l by Kiinkol (^), bud 
sticks from mottle k'uf tr(‘cs were subj(*cted to hot-water treatments 
in an attcuiipt to inactivate tlu' virus. Bud sticks about 6 inclu'S 
long and tliree-sixt(*entbs to onc^-fourth of an inch in diamt'ter wer(‘ 
coll('Ct(Hl in January 1937 and held in cold storag(‘ until treated 
in April. Immediat(‘ly aft(u- treatment the buds were inserted into 
healthy young cherry trees, and a scion with two buds was also 
tongue-grafted on (‘ach tree. The bud sticdcs were immersed in wat(*r 
held at the indicatcul temperu tures for the following p(‘riods: (1 ) 41 ° C. 
for If)-, 00-, and 180-minute periods; (2) 40*^ for 10-, 30-, and 00- 
minute [xuiods; and (3) 49° for a 10-minut(‘ period. Transmission of 
motth' h^af was obtained in all tc^sts (‘xcept by the buds tr(ail(Ml at 41° 
for 180 minutes, in which instance* no tissue union was ('stablislied i)e- 
twe(‘n the infective buds and the healthy trees. Tin* buds subject(*d to 
40° for 00 minutes and at 49° for 10 minutes wen* seiiously w(‘aken(ul 
and ultimately dit‘d, although most of them lived about 3 W(*(*ks aft(*r 
l)ueleling, during which time tissue union was e‘stablished. Tin* 
(‘xp(*rim(‘nt inelicated that t.n^atments se*vere enougli to inactivate 
the^ virus would also kill the* buels; he)wever, a me)r(> (‘xte‘nded range of 
tenipe'.rature anel treaitmeuit pe*rioels shoulel be e*mploy(^el te) devtinitedy 
d(*.t<*i‘min(* this. It is also re^e'ogniztHl that elifl*(U'(*nt re'sults might be 
e)bt.ain(*d from similar experinuuits with l)uelwe)oel tak(*n in July or 
August eluring the gre)wing season, or p(*rluips a ehy-lie^at treatmevnt 
might be useel that we)ulel inactivate* the* virus but weruld ne)t kill the*. 
tre>ate'el budwooel. 

CHERRY DISORDERS SOMETIMES CONFUSED WITH MOTTLE LEAF 

Ckutain elisorde*rs of cheMiy trees that- e*ause* leaf malformations 
have sometime^s beMui confuseHl with motile ]e*af. For the* purpose> of 
comparing theun with merttie le*.af, l)rie*f me>nt ion will be maele of therse 
me>st commonly found in Washington chevrry orchards. 

Malfoimeel leaves typical of the)se founel on ‘‘unproeluctive-type’^ 
cheuTy trees in California (/), the* e*e)ndition sometimes re*ferred to as 
^h*-rinkl(\,’^ have Ireum obsciwenl on scvei’al tree*s in Washington and 
Idaho. Me)st of the* afre*cte*d tre*es in Washington had malformed leaves 
on only a fe*w branches, although an e)ccasional tree was founel with 
practically all leave*s more or less alTe^cteel. Symptoms of the condi- 
tion have* beMui de*sci'ibed by Kinman (i) and will not be further dis- 
cussed here. Figure 6 shows typical malformeel leaves from a Bing 
t ree that differ conside*i*ably in appearance* from leaves of a tre*e^ affected 
by mottle leaf. 

AnotheM* elisoreleu* of cherry trees exhibiting a definite leaf symptom 
but differing from mottle* le^af was seen on a few Bing trees near 
Wenatchee, Wash. (7). Leaf symptoms, which do not become evident 
until after the leaves are fully expanded, first appear as faint chlorotic 
snots or areas anel rapidly become more de'finitedy yellow (fig. 7). 
The most seriously mottle*(l leaves soon take on late-season colors, 
form abscission layers, anel shed. This leaf fall occurs 2 or 3 weeks 
prior to harvest, affecting from 30 to 50 pe*rcent of the leaves. This 
does not take place in trees affected by mottle leaf. Afteu* leaf fall 
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tli(' i‘('in»iniii^ folia^i' apjx'ars sonu'wluit willed and the leaf spots an‘ 
oft(>ri l)y dai*k('r yellowish-l)rowji areas, jmxhiein^ a somewhat 

rusty app(‘arane(*. This disease, referred to in fi(dd Jiot('s as rusty 
mottle” to distinj*:uish it from other disorders, has b(*en n^jx'atedly 
transmitted to Ix althy tr(‘(‘S hy budding. Affected trees apparently 
hav(> normal blossoms, and tlu* fruit is normal in shape altliough its 
flavor is insipid. The' growth of affect(*d tre(‘s was fair but slightly 
l(‘ss than that of comparal)l(‘ healthy tr(‘(»s. 

Another unnam('d disordcT was found in on Bing and LamlxTt 
eluTry tna's in thna' diffVrent orchards in llu^ \V(‘nalch(M‘ district. 
Th(‘ symptoms exhibit(‘d by tln^ leaves wer(‘ eonsidcuc'd difb^n'nt from 
those of other cIkutv disorders causing l(‘af malformations. Th(‘ 
l(‘av('S were characteristically edongate (fig. 8), with ihe^ lateral vediis 



Fkicre 0. Four inalfoni’od l(‘ave*.s from an un])r(Kiuct ivc t y]K‘ of Fiiig cliorry tn'o. 

This loaf dt'forinity is soniol imes n'forrod to as “t*rinkl(‘.” (Pliotograi)hod hy 
transinil tod light .) 


ne)t fully devedope'd on one side, anel often both sieles, of the mielvein. 
The' perii)hery of some* leave's was epiite irre'gular anel perforations 
occurre'el on a fe'w^ A faint interveinal chle)rosis was prese'ut on some' 
leave's eluring the late spring and early summe'r, but was not so evielent 
late'r in the se'ason. The surface of aff*ecte*d h'ave'S was epiite' rough 
er ruffled, but ne)t pued^ere'el as in mottle leaf. Usually from 25 to 50 
perce'iit of tlie li'ave*s on a tre'c were malforme'd anel the remaineler 
we>i*e ne)rmal or ne>arly so. The' symptoms some'what re'semble^ those* 
of the conditie)!! referred to as “crinkle,” but eliff'e'r principally in tliat 
the aflVeted leave's do ne)t liave the pronounce'el chlerotic are'as near 
the leaf margin, are' mere' e'longated, and have* a rough sui'face* (fig. 8). 
The fruit wuis elefinitedy aife'cteel on some' of the* tren's, but little on 
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others. Tlie fruits usually had a pronounced (h'pression on the suture 
side, and for that rc'ason the disorder has bcM'n referred to as ‘‘dc'cp 
suture.’^ No information has ycd becui obtahu'd regarding the trans- 
inissioji of the disord(‘r. 



Figuke 7. — Leaf symptoms of a naturally infected Bing cherry tree caused l)y an 
unnamed graft-transmissible disease, tentatively referred to as “rusty mottle.’^ 
This disorder is considered different from mottle leaf. (Photograx)hed by 
transmitted light.) 

Another apparently different disorder on Bing, Napoleon, and 
Deacon varieties was found in four orchards in the Wenatchee district. 
The condition has been referred to in field notes as ^dace leaf,'' be- 
cause of the unusual number of leaf perforations that develop and 
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lake on iho ^eiK'ral a])pearnnc(* of pieees of hie(‘. No inforination has 
been obtained con(‘erning the possil)l(' causes of the condition, although 
it is apparently not associated with unusual cultural or growing 
conditions. 



Ficjuue 8. - Leaf aiul fruit syinptoin.s du a Hiug cherry tree caused l)y an unnam(;d 
disorder. Not(^ tht^ short lateral veins and unusual length of the leaves. A])- 
proxiniately one-half natural size. (Photographed by transmitted light.) 

DISCUSSION 

As was pointed out in tlu* descri])tion of symptoms, there is con- 
siderable vaiiability in the severity of tlu^ mottle leaf disease as 
indicated by the intensity of leaf symptoms during th(‘ first year a 
tr(*e becomes affected. Healthy young Bing tnu's inoculated by buds 
or grafts exhibit approximately the sam(‘ sev(‘rity of leaf sym])toms 
wh('ther the infective tissue originatc'd from a tree that had shown 
mottle leaf for many years or from om* that had shown less severe* 
symptoms for only 1 y(*ar. How(*ver, when the inf(*ctive tiksue orig- 
inated from a naturally infect(»d wild ch(*rry tree*, the l(*af symptoms 
of inoculated young Bing trees were particularly severe, the resulting 
new shoots being quite small, severely mottled, and pucker(>d. The 
growth of the young tr(*(*s inoculated with tin* wild ch(‘rry motth* leaf 
were quite stunted. ()bs('rvation of th<* inoculat(*d trees for 2 years 
indicated that the disorder affecting the wild clu'rry was not only mottle 
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leaf, but a virulent form of the disease as judged by leaf symptoms 
of the inoculated tr<M‘s. Whether the apparent virulence of mottle 
leaf can be increased by inoculating wild cherry trees with the disease 
from a Bing treis and then inoculating a healthy Bing from the infected 
wild cherry tree lias not yet been determined. 

The pres(MiC(‘ of naturally inf (‘c ted wild chcTry trt»es growing rela- 
tively near diseas(»d Bing trees gave no indication as to which species 
first b(*came infected. During 1937 and 1938 a large number of wild 
cluuTy tree's growing in locations far remove'd from cultivated orchards 
W('re inspected for mottle It'af. As a. rt'sult of this survey, wild cherry 
tree's we're found in two isohite'el loe*alitie'S with h'ave'S having symp- 
toms closely rese'inbling those from tre'e*s proved te) be infecteel by 
mottle leaf. Transmission tests complete*d in 1939 proved the' wild 
clu'rry trees from one isolated locality to be infe'cte'd by mottle h'uf; 
tests are incomplete for the other group of tree's. This may be con- 
side'red as evielence to support the' supposition that mottle' leaf is 
indigenous to wild che'rrie's in the ne)rth ce'utral part e>f Washington. 

CONTROL 

The question of possible control measures is of partie*\dar intei- 
e'st to orchardists of the ne^rth central part of Washington who have 
cherry trees affected by mottle leaf. It has already been suggested 
(6*) tluit diseaseel trees be taken out wherever possible, especially if 
they are affected to the extent that a profitable crop is not being 
produced. In discussing control measures, it might be well to poitit 
out tluit a tree once affected by mottle leaf has never been known to 
recover. Diseased trees cannot be cured by any known treatment, 
and removal of affected trees to prevent spread to healthy trees is 
the only suggested method of control. Because diseased tiees usually 
|)roduce good crops for 1 year, and often 2 years, after leaf symptoms 
are first evident, most growers hesitate to remove them. In Jiiost 
orchards under observation in the north central part of Washington 
mottle leaf spread very slowly during the years 1934 to 1938, inclusive. 
In a few orchards it has spread ra])idly, however, and the presence of 
diseased trees is considered a menace t,o the remaining healthy trees 
in the orchard. In view of present knowdedge of the disease the fol- 
lowing suggestions for its control can be made: (1) Remove all trees 
that have shown leaf symptoms for 2 years or more in orchards where 
there has been little or no recent spread of mottle leaf; and (2) im- 
mediately remove all trees showing symptoms of mottle leaf in 
orchards where recent spread indicates that such trees are a menace 
to the remaining healthy trees in the orchard. 

In instances where diseased trees have been removed, young trees 
have been reset in approximately the same location and have remained 
healthy for the four growing seasons during wliich they have been 
under observation. 

It has been demonstrated {3y 4) rootstocks influence the sus- 
ceptibility of sweet cherry to buckskin, a graft-infectious disease of 
sweet cherry occurring in California. There is no evidence that the 
susceptibility of cherries to mottle leaf can be influenced by rootstocks 
except the observation that naturally infected Bing trees exhibit 
equally severe leaf symptoms when growing on either mazzard or 
mahaleb stock. 
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SUMMARY 

Mottle lenf, n vims disease of elicrries that has been transmitted 
artifically only by {j:rafting or by some adaptation of the grafting 
process, has been observed affecting cherry trees growing in Wash- 
ington, Oregon, Idaho, California, and Ih'itish C\ffnmbia. It is 
probable that the disease has been present in the Pacific Northwest 
for more than 20 years, although it was not [iroved to be bud- or graft- 
transmissible until 1935. 

The leaves exhibit the most conspicuous symptoms of the disease, 
although the growth and fruit of the tree are also affected in instances 
where leaf symptoms are severe. 

(vonsiderahh^ variation was found in tlu‘ h'af symptoms of the* 
dilferent cherry varieties. Ihider field condilions only four variidies 
hav(' been found witii mottle leaf symptoms. Bing and Napoleon 
an' th(' two most important commercial varic'tic's that display S(*v('r(‘ 
h'af symptoms. Of the' 19 cherry varit'tic's inoculated noiu' was 
immuiH* to mottle h'af, although many W(*re (juitx' toh'rant and sliowed 
very slight leaf symptoms. 

Attempts to transmit the disease to other stone fruits have been 
mostly unsuccessful because the infective cherry buds did not form a 
growth union with them. However, under greenhouse conditions 
where growth union was established between cherry and peach, a 
preliminary experiment demonstrated that the virus was transmitted 
through tissues of the peach. 

Motth' h'af was transmittc'd by budding from ch('rry to cherry, 
producing (h'finite symptoms in 14 days on tn'cs grown in t he green- 
liouse and in 37 days under field conditions. 

Tests demonstrated that mottle leaf could be transmitted by any 
method where growth union was established between diseased and 
healthy tissues. No mechanical method of transmission wuis found 
to be su(‘cessful. The manner in wiiich mottle leaf s])reads in the 
field is unknown. 

4^h(' black ch('ri*y aphid (Myzus eerasi) was tc'sted as a ])ossibh' 
v('ctor of inotlh' leaf, and no transmission was obtained in these' 
('xpe'rinK'uts. 

Hot-water treatment of bud sticks at 4iV C. for fiO minutes and 
at 49° for 10 minutes failed to inactivate the infective principle under 
the conditions of the experiment. 

Cherry disorders causing leaf malformations that are sometimes 
confused with mottle leaf are briefly described. 

There is no record of a tree having recovered from the disoriler once 
the leaves definitely e.xhibit mottle leaf symptoms. It is suggested 
that cherry trees affected by mottle leaf be remov ed from the orchard 
to prevent the disease from spreading. 
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THE BORON DEFICIENCY DISEASE IN CABBAGE ’ 
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research assistant in plant pathology, and James P. Jolivette, research assistant 
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INTRODUCTION 

As oarly as 19()(), Co}3('lari(J arid Kalileiibor^ {9)'^ pointer] out tliat 
tlH» root (lovolopmout of lupiiio {Lii/pirms albus L.) soocl lings snomod 
to h(\ stiniulat(ul wluai ii ti’aco of boron was addl'd to tlio water in 
which they were growing. Three years later Nakamura (20) reported 
stimulation of growth of peas (Piaurn saiwym I4.) wIkui borax was 
added to the soil at tlie rate of 1 mg. per kilogram. Agulbon (/) 
j)oiiited out in 1010 that boron was a useful element to many])lants. 
including radish {Eivphan/m satirus L.) and turnip (Prassica rapa L. ). 
At about the same tiim^ in th(> Philippine Islands, Roxas (23), at the 
suggestion of Copi'land, st udied the eff('!ct of applying borax to potted 
soil in which ric(* (Oryza mihva L.) was planted. Although toxic* c'ffecds 
rc^sultc'd at some concentrations, it was observe^d that one application 
of AI/1 00,000 boron stimulatc'd leaf growth. In 1914 Brc'uchley (5) 
pointed out that in licpiid-nutricmt cidtiires the growth of ])eas was 
stimulated by ccudain vevry low (X)nc(*.nt.rations of boron as boiic acid, 
and in 1916 Aloorc* (3) reported similar rc^sults with I'aclish in both 
licjuid- and sand-nutrient cultures. 

Maze (17, 18) in 1919 olTc'red the first proof that trace's of boron were 
necc'ssary for the' growth of corn (Zea mays L.). In 1923 Warington 
(26), working in Brenchley’s laboratory, concluded that cc'rtain 
s|)ecic's of legumes recjuirc' boron for normal dev(*lo])m('nt and that thci 
absence or deficiency of this element in the nutrient solution brought 
about definite pathological symptoms. She' did not prove' it to be 
absolutc'ly essential for barlc'y or rye. At the prc'Sent time it is 
rathc'r genc'rally accc3pted that boron is an ('ssenlial minor c'lc'mc'nt 
for most, if not. all, higlier plants and, furthermore', that, e*e?rtain species 
reeiuire' redative'ly more than othc'rs for thc'ir normal development. 

In 1930 Mes (//y) pointc'.d out that the symptoms of boron de- 
ficiency produce'cl on tobacco in nutrient solution were similar to the 
top rot disc'ase^ in Sumatra, and in the> following year Brandenburg 
(4) offered proof that the long-recognized heart rot and dry rot of 
sugar beet (Beta vulgaris L.) is a boron-deficienciy disease. After 
these two discoveries, numerous disesases of many crops were rapidly 
shown to be due to boron de^ficiemey. In this list are various diseases 
of crucifers. MacLeod and Ho watt (/6'), working in easte'm Canada 
and reporting in 1935, were the first to show that brown he' art of 
rutabaga (Brassica campestris var. riapobrassica DC.) and turnip 

» Received for publioation December 2, lft40. Cooperative investi}?atioTis of the 13ivision of Fruit aud 
Vegetable Crops and Disease.s, Bureau of Plant Industry, U, S. Department of Agriculture, and the Wis- 
consin Agrkniltural F.xperiment Station and the Wisconsin Alumni Research Foundation. Certain non- 
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was reduced and often prevented entirely in the field by the applica- 
tion of borax to the soil. This result was confirmed during the same 
year in Wales {27), in Finland {14)y and in Scotland {22). It was 
also in 1935 that the internal and external browning of the curd of 
cauliflower {Brassica oleracea var. botrytis L.) in the Catskill Mountain 
district of New York State was shown to be a boron-deficiency disease 
by Dearborn et al. {10, 11). This was confirmed by Hartman {13) 
on Long Island in 1936, by Chandler et al. (7) in Maine in 1937, and 
by Ferguson {12) in Canada in 1938. Hartman {18) also pointed out 
that cabbage {B. oleracea var. capitata L.) growing adjacent to sc^verely 
affected cauliflow(U‘ produced large marketable heads. Chandler 
et al. {0, 8) reported further that water-soaked brown areas developed 
in the fleshy stems of boron-deficient kolilrabi {B. oleracea var. 
gongylodes L.) and kale {B. oleracea var. viridis L.), while in sprouting 
broccoli {B. oleracea var. botrytis L.) absicission of buds occurreid. 
Symptoms of boron-defi(*iency were obs(>rved in the field, howev(*r, 
oiilv in cauliflower and turnip. When acute shortage of boron pre- 
vailed, as provided in controlled nutrient culture, the formation of 
storage organs of the cole group was suppressed or prevented. 

The purpose of the present paper is to report experiments, conducted 
in both greenhouse and field, upon the internal break-down of cabbage 
and the closely related plants, kale, collard {B. oleracea, var. viridis L.), 
and sprouting broccoli when boron deficiency in th('. soil occurs. 
Interest in this problem arose in connection with the internal break- 
down of cabbage heads affected with a mosaic disease {16). 

METHODS AND MATERIALS 

Plants were grown in the greenhouse at Madison, Wis., in sand 
cultures provided with a constant supply of nutrient by a modifica- 
tion of the method described by Allison and Shive {2). Clean 8-inch 
clay pots wer(^ varnished, provided with adequate drains, and filled 
with washed white quartz sand. The flow of nutrient was adjusted 
to deliver about 1 liter per day to each pot. Shive ’s Best three-salt 
solution^ {25), to which traces of copper as sulfate (CuS()4.5H20), 
iron as sulfate (FeS04.7H20), zinc as sulfate (ZnS04.7H20), and 
manganese as chloride (MnCl2.4H20) had been added, was diluted 
10 times with distilled water to provide a basic nutrient solution with 
a total salt concentration of 0,738 gm. per liter. This is referred to as 
the boron-free nutrient solution. Care was taken to avoid contamina- 
tion with boron by using l)oron-free glassware. For the complete 
nutriqrit solution boric acid was added in amounts sufficient to provide 
0.75 p. p. m. of boron. Seeds of cabbage (five varieties), turnip 
(two varieties), cauliflower, rutabaga, radish, and kohlrabi were sown 
directly in the pots. When plants were transferred from complete 
to boron-free nutrient and vice versa, first all were removed; some were 
transplanted back into ttie original pots, others were exchanged and 
transplanted. In this way both control and exchanged plants were 
conmarable insofar as handling was concerned. 

f5eld studies were carried out near Winneconne, Winnebago County, 
Wis., on Poygan silty clay loam with a soil reaction of about pH 7.5. 
The field had had an application of barnyard manure and 2 tons of 

>Tbe formula for this solution is: Monopotassium phosphate (KH 2 PO 4 ), 0.018 M; calcium nitrate 
(Ca(N0j)8.4H20), 0.0052 M; and magnesium sulfate (MgSOi . 7 H 2 O), 0.0150 M. 
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ground limostono per aero in the spring of 1936. In 1937 a crop of 
sugar beets grown on it had shown sevc»re lu^art rot. The field expei-i- 
ments reported herein were conducted on tliis area in 1938, 1939, 
and 1940. 

Plots 30 by 30 feet, willi 5-foot borders, were laid out in 4 blocks 
of 9 treatnunits each, and the arrangeirKuit of the treatments was 
randomized within (‘.ach block. Borax and salts of the otluu- minor 
elements used were applied broadcast with the fiTtilizer by means of 
a lawn fertilizer drill, and harrowed thoroughly into the soil 5 weeks 
before the crops were planted. 

EXPERIMENTAL RESULTS 

SYMPTOMS ON SANJ)-NUTRIENT-CULTURE PLANTS 

The expn^ssion of boron-deficitmey symptoms on cabbages varies 
witli tlie ag(^ of th(^ plant and with the (extent to which it is d(\prived 
of this elemcuit. When se(‘dlings are grown in sand-nutrient culture 
from which boron is exclude-d, the disease devedops rapidly and growth 
is sliarply reprosscid. In soil in the greenhoust* or in the fi(dd, boron 
starvation is neither so rapid nor so complete. 

Symptoms of boron d<diciency were produced experimentally on 
sand-nutrient-culture plants in the greenhouse. They will be de- 
scribed first. The field symptoms will then be discussed in comparison 
with those on cauliflower, kale, collard, and sprouting broccoli.. 

In s^ind-nutri(uit cultures, cabbage seedlings emerged 5 to 7 days 
aft(u* the seed was sown. When a boron-free nutrient solution was 
supplied the first effects were apparent in 7 to 10 days aft(U‘ emergence, 
usually most conspi(!Uously on the first leaf, for the cotyledons as a 
ruki expanded quite normally. The leaf blade becam(‘. linear or circu- 
lar in shape (fig. 1, A and B). Lateral venation was reduced and some- 
times was almost entirely absent, while the leaf lamina may have 
split away from tlu^ midrib. The affecttnl leaf was usually abnormally 
dark grcHUi and was sonu'what thicker than the normal l(*.af. Early 
death of the growing point commonly occurred (fig. 1, A and B), 
and as growth of buds at the cotyledonary and other leaf nodes 
followed, the stunting of the plant was (^ven more pronounced 
(fig. 2,^). 

When plants started in a boron-free nutrient solution W(*Te trans- 
ferred to a complete' solution, rather prompt ree'overy occuri't^d. New 
growth fre'quently took j)lace from an axillary bud, as shown in figure 
2, C. If, however, the growing point had not been killed new leaves 
formed normally. When seedling plants growing in a complete 
solution were transferrc'd to a boron-free nutrient solution, the effects 
of the deficiency were apparent in 2 to 7 d«ys. The heaves whi(*4i had 
reached their full size were not affected, but the young unfolding 
ones at once began to assume the distorted morjihology found in 
plants that start off in the deficient solution (fig. 2, B). wSeedlings of 
(’•auliflower, kohlrabi, rutabaga, turnip, and icich', radish responded 
very similarly to cabbage when they were grown in boron-free nutrient 
solution. 

The symptoms described above are those resulting wdien conditions 
for complete boron starvation of young seedlings are provided . When 
plants of cabbage are allowed to grow to greatcir size in a complete 
nutrient solution and the boron supply is then greatly reduced without 
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being completely excluded, leaf malformation is again the chief sign 
of deficiency but internal break-down of the pith may also occur. 
Variation between individuals in the expression of abnormal growth 
is more noticeable in the somewhat older plants than in young seed- 
lings. In figure 3 the leaves from platits grown in a boron-deficient 
nutrient solution aro compared with those on plants of the same age 
grown continuously in the complete solution. The jilants were 
started from seed in complete nutrient solution. After 17 days the 
boron supply was rinluced to a very slight trace for some plants. 
Signs of boron deficiency appeared in 10 days, and although the 
grow til re.+e was not materially reduced, various manifestations con- 



Figure 1. — Cabbage seedlings (Jersey Queen variety) grown from seed in sand- 
nutrient culture for 31 days: A and B, grown in boron-free nutrient solution; 
C, grown in complete nutrient solution. Note that the cotyledons are normal 
in all three, but in the boron-deficient plants the growing points are killed and 
the leaves are dwarfed and distorted. 

tinned to develop during several weeks. One of the signs of boron 
deficiency is a darker green color of one or more leaves; later the jdant 
may produce more normally colored leaves. Puckering of the leaf 
blade in various ways, but more commonly near the midrib, may 
follow (fig. 3, By C). Tills distortion is the result of one or both of two 
causes: (1) The retardation of growth of the tissue near the margin 
of the leaf and (2) stimulation of excess growth in the region of the 
midrib not unlike that discussed by Van Schreven (^4)- If the lack 
of boron affects the leaf earlier in its development, linear formation 
accompanied by curling from the suppression of marginal growth 
follows (( 7 , ^ ; or even greater stunting and malformation may result 
in lateral distortion or suppressed lateral venation with segments of 
the leaf entirely absent (I>, E). Occasionally cross hatching of the 
upper surface of the midrib occurs (0), resembling that commonly 
associated with boron deficiency in sugar beet ( 4 ). An interveinal 
marginal yellowing sometimes appears on the older leaves of boron- 
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deficient pbiiits (//, I) after symptoms of ma) formation have appi'ared. 
Yellowing may appear later on the younger leaves. 

SYMPTOMS ON FIELD-GROWN PLANTS 

It should he (‘inphasized that it was commonly the case that no 
external symptoms of boron deficiency in (*al)l)age were se(>n in the 
fi(dd even when the crop wnis grown on soil where sugar beet, table 
beet, and caiilifiow'er showed ext(‘rnal signs. This is in accord with 
the obscuvations of Hartman (IS), citcid abovcL The field in wbicb 



FieiTRf: 2. ('al)bagc seedlings (.Jersey (Jueeii variety) grown in saiKi-niitrient 
(Milture: A, Grown for 73 days from seed in boron-free nuirient solution ; /J, grown 
ill complete nutrient solution for 33 days, then transplanted to lioron-frt^e 
culture and continued for 40 days (note distortion of tlie youngest leaves) ; 
C, grown for 33 da.ys in boron-free nutrient solution, then transplanted to com- 
plete solution and continued for 40 days (note that the growing iioint was killed 
and that the ne>v growth proceeded normally from a leaf node); />, grown in 
complete solution for 73 days. 

the following observations wore made w^as one in whicli lieart i*ot of 
sugar beet was s(were in 1939. The appearances of caulifiow^er in 
midseason in that y(>ar is showm in figure 4. No (‘xTernal syinptoms 
were found in cabbage in 1939, and the size, solidity, aiul w''(>ight of 
cabbage heads were not noticeably different in plants grown on this 
soil from those grown on the same soil wdien' 40 pounds of borax 
per acre had been applied, a treatment that corrected the disease in 
sugar beet and cauliflowc^r. In 1940 cabbage transplanted to these 
plots in June showed in mid-August moderate symptoms on the 
outer leaves with occasional stunting in growth. The symptoms 
included mottling along the margins of the oldest leaves, cross hatching 
on the upper surface of the petiole and midrib, abnormal thickening 
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Figure 4.- A, Cauliflower grown on bo^on-deficicnt soil; B, comparable plant 

grown on an adjoining plot to which 40 pounds of borax per acre was applied 
before planting. Note reduced size of diseased plant (^), downward marginal 
curl of oldest leaves resulting from suppressed marginal growth, and reduced 
size and distortion of the youngest leaves. 
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of the leaf lamina, unilateral leaf development, and curling of the 
leaf margin. Younger leaves usually developed without symptoms. 

When mature cabbage plants grown on boron-deficient soil were 
examined by making a vertical cut through the head so as to bis(x*t 
the main stem longitudinally, the patliological symptoms were found 
in the pith of tlie stem. They were not unlike those described by 
Dearborn et al. {10, 11) in cauliflower stems. Wat(^r-soaked spots 
developed first, and the tissue therein gradually turned brown while 
the lesions enlarged. Necrotic spots thus formed, usually midway 
betwecm the top of the core and the base of the head (fig. 5), but 
often extending well into the lower stem. Sometimes the break-down 
incrc'ased to a point where a cavity formed (fig. 6). This symp- 
tom, however, is relatively ran^ in cabbage under the same conditions 
in which it is common in cauliflower. No necrosis that can be attrib- 
uted to boron deficiency has been noted in thc^ leafy portion of cabbage 
heads except in the midrib adjacent to the main st(un. The break- 
down in the core is of (hdinite economic imj)orta.nce, particularly in 
the manufacture of sauerkraut, where the shredded pith is used as 
well as the leafy portion and where the discolored, corky, lu'crotic 
tissue detracts from the quality of the final product. Similar internal 
necrotic areas occurred in the field on kale, collard, and sprouting 
broccoli. Tlu' symptoms described an^ in general accord with those 
reported recently from Maine by Chandler (6*). 

KELATIVE SUSCEPTIBILITY OF SUBSPECIES OF BRASSICA OLE RACE A 

vSeed of several members of tlu^ cole group was sown in tlie boron- 
deficient soil at Winneconne on May 25, 1938. Th(> 30-foot single- 
row plots of each lot were placed in random arrang(unent in each, of 
three blocks. The plants were thiniUMl to 2-foot intervals on Juno 
20, leaving 15 plants per row plot. On August 31 all cauliflower 
plants were sectioned and examined; the other subspecies w('re so 
handled on September 24. The varieties used and tlie results sexMinxl 
are given in table 1. 


Table 1. — Development of internal hreak-doivn in subspecies of Brassica oleracea 
grown on boron-deficient soil at Winneconne, Wis., 1938 

[16 plants used in each U'st] 



1 Plants showing internal break-down in 

Subsp?(nt*s and variety 





Rci)licat-,' ] 

RcV)licat,f' 2 

j Replicate .3 

j A V (Taiii* 



Percent 

Percent 

Percent 

Percent 

Cauliflower (Snowball) .. ... . . 

93.3 

93. 3 

73.3 

s6. f; 
13.3 

CabnaRO (Marion Markot) .. .. 

6.7 

13. 3 

20. 0 

Broccoli (Green Sprouting) .. ... .. 

0 

33. 3 
13. 3 

0 

33, 3 

11. 1 

Collard ( C'abbajio) 

0 

1.'). 5 

Kale (Thousand-lieaded).... ... 

46.7 

20.0 

20. 0 

28.9 


While the differences between cabbage, broccoli, collard, and kale 
were not significant, it is very evident that even though they were 
allowed to stand approximatelv a month longer than the cauliflower, 
as a group they showed much less of the disease than the cauliflower. 
Moreover, the full extent of the difference is not expressed in per- 
centage of plants affected, for the degree of break-down was also 
correspondingly greater in cauliflower than in the other forms. 
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RELATIVE SUSCEPTIBILITY OF CABBAGE VARIETIES 

Several varieties of eabliage, n^prescnting a range from the early- 
maturing type, Golden Acihl to the late-storage form, Wisconsin 










'M': 




Figure 5.-" Internal necrosis of stem of cabbage grown on boron-dencient soil: 
A, Scattered necrotic spots; B, a more extensive area with concentrated necrotic 
tissue. 

Hollander, were transplanted to the Winneconne field in the latter 
part of June of 1939 and 1940. The seedlings had been grown in 
the seedbed at Madison on soil not known to be boron-deficient. 
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For ('acli variot\' a singlo-row plot of 30 plants in 1939 and of 15 
plants in 1940 was placed at random in each of 3 blocks. All plants 
grew without ('xternal symptoms in 1939, but in 1940 symptoms 



Figure 6. — Elxtreme .stage of internal break-down of cabbage grown on boron- 

deficient soil. 


already described occurred on the outer leaves of some plants. As 
the heads became mature they were sliced and the extent of internal 
break-down was recorded (table 2). 
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Table 2. — Occurrence of internal break-down in several varieties of cabbage and in 
cauliflower grown on boron-deficient soil at Winneconnef ITls., 1939 and 1940 

1 Av(‘rapr<‘ of 3 rcplicfitos in each yoar] 


8ubs|)C(:ins and varioty 

1939 


1940 


i 

Date of 1 
harvest j 

Internal 

break- 

down 

Date of 
harvest 

Internal 

break- 

down 

Arc sin 
Vj radians 


1 

Percevt 


PtTcent 


(Xiulidovvf'r, Snowball 



Sept. 19 

9K 

1. 1102 

Cabbage; 






.7<*rs(‘v Qiii ‘011 



Oct. 7 

0 

. 2k0k 

Ooklon Aenv 

8e|*f. 14 

07 

do 

00 

. HS70 

Rfsistant; Oi'troit , 

do . I 

70 

do 

02 

i . 9033 

Kacino Markot - 



Oct. 17 

43 

; .7i2r> 

Marion Markot- - 

Oct. 3 ! 

4k 

..do 

42 

. 7034 

All Hoad Si l<‘ct; 

Get. 2« 1 

20 

ilo 

Ik 

. 3993 

Wisconsin All Seasons 

do 1 

30 

1 do 

10 

.31kS 

AVisconsin Ballhead 

d(» 1 

33 

do 

33 

.0134 

Wisconsin UollandiT 

do j 

33 

(io 

32 

. 0030 

Resistant Red 11 ollandiT 



do 

kS 

. S70k 

Ditb'rence required tor siRiiificance betwei'n 

■ 





varieties (19:1) - . . 


2r. 



j . 3K94 


Of the white varieties, Oolden Acre, Resistant Detroit, and Marion 
Afarket contained in both seasons the larj^jest iiercentafyes of plants 
with internal break-down. In 1940 Racine Market was in this group. 
All four of these varieties are genetically related, since they were each 
derived by selection from Copenhagen Market. All Head Select, 
Wisconsin All Seasons, Wisconsin Ballhead, and Wisconsin Hollander 
were less seriously affected than the Copenhagen group. 

The data in 1939 suggested that, since the earliest maturing vari- 
eties were the most seriously affected, a correlation between eaiiiness 
and susceptibility might exist under these growing conditions. How- 
ever, this does not hold in the 1940 data. Jersey Queen although of 
the same maturity as Golden Acre had significantly less disease than 
the latter, while Resistant Red HollaiKler of the same season as 
Wisconsin Hollander was about as seriously affected as Golden Acre. 
Cauliflower was distinctly more susceptible than all cabbage varieties 
tested. 

CXINTUOL THROUGH SOU. TREATMENT 

The proof that the internal break-down of cabbage w as the result 
of boron defudency in the soil was amplified by soil-treatment experi- 
ments conducted at Winnecoime in 1938 and 1939. As already indi- 
cated, four replicate blocks w^ere laid out in wliich treatment plots 
were placed at random. In 1938, because of other exi)erimenta] work 
under wuiy, it was not possible to include cabbage in all of these. 
However, Wisconsin All Seasons cabbage was planted in each plot of 
two of the blocks and Snowball cauliflower in each plot of the other 
two blocks. The various treatments and the percentage of plants 
showing internal break-down in each plot are given in table 3. As 
a rule, the disease was less serious in cabbage than in cauliflower. 
The percentage of affected plants was reduced very greatly when 20 
pounds of borax per acre was applied. In the case of cauliflower, the 
disease was eliminated in the 40-pound and GO-pound plots, but a 
small percentage of diseased plants of cabbage remained in these 
treatments. Manganese sulfate, applied separately, seemed to have 
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no effect on the correction of internal break-down, nor did it have any 
consistent effect when used to supplement borax. The other minor 
elements tested likewise had no perceptible effect upon the reduction 
of the disease. 

Table 3. — Effect of borax and salts of certain other minor elements on the occurrence 
of internal break-down of cabbage and cayliflower at Winneconne, Wis.f 1938 
fir) j)lants u.sod in fach 


Soil tn^fttinent 


Internal break-down in 

- 


Ferti- 

lizer 

It ora X 

Manga- 

nese 


(''abbng(‘. 



L^auliflowe 

• 

(3-12-12) 
per acre 

acre 

sulfate 
per acre 

Block 1 

Block 2 

Average 

Block 1 

Block 2 

Average 

Pounds 

Po 2 inds 

Pounds 

Percent 

Percent 

Percent 

Percent . 

Percent 

Percent 

0 

0 

0 

0) 

20. 0 

20.0 

S6. 7 

40. 0 

03. 3 

460 

0 

0 

(') 

26. 7 

26.7 

66. 7 

63. 3 

00. 0 

460 

0 

100 

73. 3 

53. 3 

6;t.4 

13.3 

100.0 

60. 7 

450 

20 

0 

0 

20.0 

10.0 

0.7 

0 

3.4 

460 

20 

.60 

0 

0 

0 

0 

0.7 

3.4 

450 

20 

2 60 

! 0 

6. 7 

.3. 4 

40. 0 

0.7 

2.3, 4 

460 

40 

0 

0 

1 6. 7 

3.4 

0 

0 

0 

460 

40 

60 

, 0. 7 

(*) 

6.7 

0 

0 1 

0 

460 

00 

0 

1 6.7 

0 

! 3.4 

1 

0 

0 1 

0 


1 No notes were taken on acreounl. of w'uter damage. 

2 Also 60 pounds each per acre; of copper sulfate, iron sulfate, and zinc sulfate, and 100 pouml.s per acre of 
sodium chloride. 

In 1939 the same blocks were used without fui’ther trealment. exet^pt 
for tlie application of 300 pounds per acre of 3- 12 12 fertilizer to each 
plot but tli(> one in each block to A\ducli no fertilizer had been applied 
in 1938. Two varieties of cabbage, Marion Market and Wisconsin 
Ballhead, were planted throughout. The results at the end of the 
s(‘ason are given in table 4. The percentages of internal break-down 
were very similar to those recorded in 1938, conlirming the indicia tion 
that boron deficiency is the causes of the break-down. It is of interest 
to note that in this soil the boron still availabl(> from the treatment 
of the previous year was sufficient to correct the diseasi'. as effectively 
as it had in that year. 

Table 4. — Effect of borax and salts of certain other minor (dements applied at Winne- 
conne, Wis.j in the spring of 1938, on the occurrence of internal break-down in the 
cabbage crop of 1939 


Soil treatment 

Internal break-down in - 

FcrtiliZ(!r (3 - 12-12) 
per acre - 

Borax 

per 

Manga- 

nese 

sulfate 

Marion 

\Vi.scon- 

sin Avaa-agp 

1938 

1939 

1938 

per acre, 
1938 


Ballhead 

Pounds 

Pounds 

Pounds 

Pounds 

Percent 

Percent Percent 

0 

0 

0 

0 

1 13.3 

1 11.7 12.5 

460 

300 

0 

0 

26.0 

16. 7 20. 9 

460 

300 

0 

100 

20.3 

21. 7 24. 0 

460 

300 

20 

0 

0 

1. 7 . 9 

450 

300 

20 

50 

1 3.3 

3. 3 3. 3 

460 

300 

20 

260 

1.7 

1.7 1.7 

460 

300 

40 

0 

3.3 

0 1.7 

460 

300 

40 

50 

0 

0 0 

450 

300 

60 

0 

1.7 

0 .9 


> Average of 4 replicates of 16 plants each. 

* Also 60 pounds each per acre of copi>er sulfate, iron sulfate, and zinc sulfate, and 100 pounds per acre of 
sodium chloride. 
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DISCUSSION 

Internal break-down of tlie tissue of cabbage heads is a factor that 
may detract greatly from the quality of the final product. Suboxi- 
dation in storages and transit has been shown by Nelson (21) to be 
H causal factor. Mor(^ rc^cently Larson and Walker (15) have asso- 
ciated symptoms vci’y similar to those described by Nelson (21) with 
a mosaic disease. The present study adds another causal factor that 
may be responsible for an internal necrosis in the cabbage head. 

It is of importance to note that the intenial break-down in cabbage 
due to boron defi(*iency appears to occur largely in the pith of the 
main stem or core. In this regard it is distinct in location from the 
other two disease's mentioned. Furthenriore, cabbage, as judged by 
the varieties tested, is much h'ss susceptible than cauliflower. On the 
other hand, the usual lack of distingiiisliable (‘xternal symptoms in 
the field places the disease among those that are not ordinarily detected 
until th('. product has reached the final culinary or proc(‘ssing stages. 

Th('. fact that varieties seem to differ in their response to boron 
deficic'iicy in tlic soil would seexn to justify further inquiry into this 
phas(‘ of the disea.se. It is also (‘(pially (evident tliat such a genetic 
tendency should be kejxt under consideration in a.ny ])rogram of 
i.mpj*ovement of this crop plant through breeding. 

Th(! disease appears to be ri'adily corr('(d.('d by tlu^ addition of borax 
to the soil. Howen (‘ 1 *, it is significant that, in the limited number of 
(‘Xperiments rc'ported, tlu^ complete (‘limination of the internal necro- 
sis in cabbage was not accomplislu'd exon at fiO-pound-per-acre appli- 
ca, lions, while th(‘ mor(5 susceptible cauliflower wa.s completely healthy 
after a 4()-pound-per-acre treatment. It remains to be determiiK'd 
whetbcj* t.h(‘ small amount of necrosis that persisted wa.s due to other 
factors, or whcvtlu'i* the cauliflower plant has properties that result in 
gr('at(‘r ('ffici(uicy in the use of the boron salt applied to the soil. 

SUMMARY 

The syjuptoms of boron deficicuicy in young cabbage plants grow- 
ing in sand-nutrient cultuiu's in the greenhouse are described. 

()n boron-deficient soil the field-grown crop often showed no exter- 
nal signs of disease. Inttuiial break-down of the pith was the chief 
symptom in tlie tissue'.. 

Cauliflower was found to he much more subject to internal breaik- 
down on boron-deficienit soil than cabbage, kale, collard, or sprouting 
broccoli. 

Of S('.veral varieties of cabbage tested on boron-deficient soil the 
early-maturing ones, Golden Acre and Resistant Detroit, showed the 
greatest amount of internal break-down. 

Applications of 20 pounds or more of borax jxer acre practically 
though not entirely (diminated the disease. 

These applications of borax were equally effective when the st'cond 
successive crop of cabbage was grown, without further treatment of 
tlie soil with borax. 

Salts of manganese, copper, iron, zinc, and sodium applied to the 
soil had no effect upon the occurrence of internal break-down. 
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A BLUE STAIN FUNGUS, CERATOSTOMELLA MONTIUM 
N. SP., AND SOME YEASTS ASSOCIATED WITH TWO 
SPECIES OF DENDROCTONUS' 

By Cakoline T. Rumbold^ 

Associate pathologist^ Division of Forest Pathology^ Bureau of Plant Industry^ 
United iitates Department of Agriculture 

INTRODUCTION 

Blue stain is a concomitant of the infestation of trees by certain 
bark beetles. Stains associated with some species of beetles have 
been found in })revioiis investigations to be caused by species of 
Ceratostomella, wliich arc* carried into galleries mined by the attacking 
insects and grow in the cells of the sapwood (3^ 11, 13, 15, 16).^ It is 
believed that these fungi may be an important factor in causing the 
death of the trees. An investigation of the possible association of 
fungi with Dcmdroctonus moniicolae Ilopk. and I), ponderosae Ilopk. 
resulted in finding a new species of Ceratostomella, hen'in dc'seribed, 
wliich causes tlie blue stain. A st-udy was mad(' also of some yeasts 
that ar(‘ apparently associated with the Ix^etles. 

Dendroctonus monticolae is one of the destructive insects of the 
western fon'sts. It is found killing ])incs in the Sierras of California 
from the soutli to th(^ north, and in the forests of Oregon, Washington, 
Idaho, Montana, and W('-stern Canada. The beetle attacks living 
trees and yearly with its associated fungus kills many acres of lodge- 
pole pine (Pinus contorta latifolia Eng(dm.), possibly accounting for 
th(^ ndatively short, life of these trees (4). It also kills sugar pine 
(P. latnbertiajia Dough), western white pine (P. monticola Dough), 
and ponderosa pine (P. pondarosa Dough). 

Dendroctonus ponderosae also is regarded as one of the most aggres- 
siv(^ and destructive of bark b(*.etles. It is found in the mountain 
forests of western Soutli Dakota, southeasti^rn Montana, Wyoming, 
Colorado, Utah, and northern Arizona and New Mexico. Its 
favorite host is ponderosa pine, but it infests other pines, sucli as 
lodgepole and limber pine {Pinus flexilis James), when they occur 
with ponderosa (/). It was the cause of two historic epidemics 
recorded by the early settlers of the Rocky Mountain region, when 
acres of trees were killed in the Black Hills and Kaibab National 
Forests. Investigations by entomologists show that tliere have been 
a series of bark beetle epidemics extending through the years. The 
examination of a 400-year-old pine showed by the pitch pockets in 
its wood that it had survived seven series of unsuccessful beetle 
attacks. Hopkins (9) wrote: 

Very conclusive evidence has also been found that some of the great denuded 
areas in the Rocky Mountain region supposed to have been caused by forest 
fires were primarily caused by one or more species of Dendroctonus, 

* Received for publlcfttlon December 31, 1940. 

» The investigations on which this paper i.s based were conducted in cooperation with the Division of 
Forest Insect Investigations, Bureau of Entoinolosy and Plant Quarantine, and the Forest Products 
Laboratory, Forest Service, U. S. Department of Agriculturo. 

» Italic numbers in parentheses refer to Literature Cited, p. 600. 
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MATERIALS AND METHODS 

The specimens studied were collected by entomologists, who 
selected specimens of Dendroctonus monticolae within the region in 
the northern Rocky Mountains where this bark beetle is distributed, 
and of D, ponderosae within its Rocky Mountain region. They also 
furnished specimens collected in areas outside of their recognized 
territories and in territories where some of the beetles are atypical.^ 
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Figure 1.^ — Map of regions where bark beetles and blue-stained wood were 

collected. 


Figure 1 shows the location of forests where collections were made of 
bark beetles and blue-stained wood used in the investigations here 
reported. As in previous studies {16, 16), cultures were started by 
transferring to malt agar ^ insects, eggs, larvae, gallery walls, frass, 
or fragments of blue-stained bark, and wood. As soon as ascospores 
were produced they were planted, by the dilution method, on malt- 
agar plates from which single colonies were transferred to malt-agar 
slants for use in this study. The final selection of the isolate from 
its group depended on its vigor of growth and fructification. The 
isolates of Ceratostomella used in describing the fungus and for taking 
measurements were grown on malt agar and kept where the tempera- 
tures ranged from 12® to 17® C. 

Table 1 gives the source and history of the isolates and dimensions 
of the perithecia when grown on malt agar. 

* Entomologist^! record as atypical those specimens of a bark beetle infestation which do not show all the 
usual characteristics of a species 

» Formula for malt agar: Malt extract (Trommer’s plain), 25 gm.; agar, 15 gm.: and water, 1,0(X) cc. The 
acidity is pH 5.5 to 5.6. 
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Table 1. — Dimensions of perithecia of Ceratost omella montium isolated from 
Dendroctomis monticolae^ D. ponderosae^ or wood infested with them^ and grown 
on malt agar 




Height of Ka.se I 

M^idth of base 1 

Length of neck 


Fruits 







Source of culture 

meas- 

ured 

Usual 
range ‘ 

M can 

Usuel 

range 

Mean 

U.‘U8l range 

Mean 

Dejidroctonus monticolae, in region of usual 








distribution, on— 

Number 


M 


M 

M 

J 

Pinutt montkola. Metaline Falls, Wa.sh 

P. contorta laiifolia, Targhee National 

71 

249-:ic3 

277 

240-308 

208 

1, 1.58-1,702 

1.445 

Forest, Idaho . . . 

R Henlin, Washakie National Fore.st, 

573 

240-319 

279 

220-311 

267 

1. 107-1,817 

1,487 

Wyo_- .. 

P. coniorta lati folia, Wyoming National 

73 

200-329 

296 

232-319 

278 

1,217 2,211 

I.OU 

Forest, Wyo 

4 

240-200 

200 

250 2f)l 

200 

1,510-1, 6(H) 

1,.532 

Total, range, or mean (14 cultures) 

721 

243-320 

280 

228-311 

208 

1, 170-1,8.53 

1,5)03 

Devdroctonm monticolae, south of its recug- 








nized territory, on - 








PinuH coni OTttt lati falin, Provo Fiiver area. 

Wasatch National Forest, litah 

P. contorta latifolia, 'Pabbie Mountain, 

359 

275 3.50 

314 

258-340 

299 

1, 190-2,001 

1,581 

I’inla National Forest, THah 

no 

274-34S 

30i» 

257--33fi 

297 

1,22'*- 2. 130 

1.057 

Total, range, or mean (4 (ultures) 

4f)9 

274-353 

312 

258 339 

298 

1. 19(82, 020 

1,599 

Dfhdrorfonm ponderosae, in region of usual 








•listribution, on 








Pinna ponder om, Dixie National Forest, 

1' tah 

P. ponderoaa, Dryce Canyon National 

1H7 

240-32S 

280 

231-317 

275 

1,(04-1,451 

1,010-1,737’ 

1,261 

Park, Utah ... 

P. ponderoaa, Roosevelt National Forest, 

19) 

145 330 

288 

229-321 

277 

1.41G 

1,044 


Colo 

P. ponderoan, Harney .National Forest, 
S. Dak . 

75 

239-300 

272 

231 -308 

207 

92 : 1 - 1,215 

1,227 

90 

253 335 

289 

241-318 

280 

992-1, 400 

Total, range, or mean (ll cultures) 

,".43 

245 330 

285 

231 31 S 

275 

979 1,571 

1,277 

Ifendroctonna ponderosae, territory whore 








some of the beetles are atyi»ical,2 on 








Pinas fteiilis. Elk Mountain, Carbon 






1, 108 1.857 

1.5)21 

County, Wyo 

P. contorta latifolia. Elk Mountain, Car- 

204 

250-33;j 

293 

240 325 

2KI 

1,202-2.048 

1,621 

bon County, Wyo _ 

P. ponderosa. Medicine Bow National 
Forest , Wyo. . . 

379 

243-322 

282 

230-309 

2t>9 


1,820 

289 

202 324 

293 

252 311 

281 

1,4:19-2,204 

Total, range, or mean (22 cultures) 

932 

2.0-32« 

288 

240-317 

270 

1,241-2,0^3 

1,054 

'Potal. usual range, or n can for all 







1,527 

•strains. . .. 

2, 005 

250 .330 

287 

ZV .120 

278 

1,141-1,002 


‘ I'sual raiijre discards the sixth of the nieasureinents at each end of the extreme range, permitting an 
approximation of the frequency distribution. 

» See footnote 4, p. 590. 

THE FUNGUS IN ITS NATURAL HABITAT 

Botli Dendroctonus rnonticolae and D. ponderosae bore through the 
outer bark of the living tree to the region of the cambium and there 
extend their galleries. The first galleries in the inner bark and 
cambium are long vertical tunnels mined by the adults; from these 
extend smaller horizontal galleries made by larvae. These have the 
efl’ect of girdling the tree. 

The fungus begins its growth in the galleries and penetrates the 
inner bark and wood. Perithecia develop on the walls of the galleries. 
The bases of these fruits are generally buried in the bark, wood, or 
packed frass, and their necks extend into the galleries (fig. 2, A), 
They develop in both the beetle and larval galleries, where active 
beetles and larvae are smeared with the spores. The fungus grows 
in toward the heartwood, staining the sapwood. 
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Figure 2. — Galleries of Dendroctonus monti- 
colae in inner bark of Pinus contorta latifolia: 
Qy Necks of perithecia extending into the 
galleries, with clumps of white asco spores on 
the tips of the necks; 6, blue stain spreading 
from the galleries. X 15. B, Tangential 
section of P. contorta latifolia sap wood 
infected with Ceratostomella montium associ- 
ated with D. ponderoaaeA Blue stain hyphae 
in rays and tracjieids. X 400. 


The color of the stain was 
not affected by the specic^s of 
bark beetle or of the infested 
pine {Pinus contorta latij'oliay 
P. monticolay P, ponderosay or 
P. flexUis). Depending on 
the age of the infection and 
the moisture in the specimen, 
the colors ranged from Ifathi 
gray {IJf) to storm gray, 
castor gi’ay, dusky green 
gray, and blaclvish gi*een 
gray. Tlie color of the stain 
in the wood when ri'ceivc'd 
was usually castor gray. Tlui 
Jays become black. 

As the fungus grows from 
the ins(»ct galleries it first 
invades the ray cells of the 
sapwood and later the tra- 
cheids, passing fi'om cell to 
C('ll through the pits (fig. 2, 
B ) . Occasion ally the hypl i a 
penetrate the C(‘il walls. 

THE FUNOUS IN 

CULTURE 

GUOVVTM 

The young colonies are 
white. When the hyphae 
are about 6 days old their 
color begins to change to a 
warm sepia. Gradually the 
depressed mycelium turns 
black, while often light-gray 
aerial mycelium grows over 
part of the mycelial surface. 
On malt-agar slants the fun- 
gus often develops a thick 
white or cream-colored aerial 
mycelium at the top of the 
slant, which with age occa- 
sionally changes color to 
cartridge buff. As the cul- 
ture ages, this aerial myceli- 
um changes to wood brown 
in color or dries and becomes 
depressed. Some of this my- 
celium produces innumerable 
conidia on simple conidio- 
phores; some of it is sterile. 
In the center of the slant the 
mycelium is olive brown, 
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then black. The necks of perithecia often (‘xt.eiid tliroiigh the blotches 
of dark-gray aerial inyceliuin. Mycelium has been found growing 1% 
inches below the surface of the medium. 

MYCELIUM 

The hyaline hyphae in the young culture are septate, branch irregu- 
larly, and measure 1 .3/i to 4 m in diameter. They form strands as they 
age, anastomose, and turn brown. Cell divisions become numerous, 
so that old hyphae sometimes consist of rows of shoj*t, slightly globular 
cells. The walls thicken, and sometimes a. dark granular exudation 
appears. Old brown hyphae may be relatively thick, varying from 
4 m to 8 m ii^ diameter. 

CONIDIA AND CONIDIOPHORES 


The hyaline conidia, globular or ovoid, usually start developing 24 
hours after the ascosporc* g(*rminates. The globular conidia grow in 



Figure 3. — Van Tieghem cell culture. Two days old, showing (a) ascospore, 
rectangular parallelepipedal with square ends; (6) globular ascospores; and (c) 
germinated ascosiiores with conidia developing in clusters on the hyphae. 
X 360. Bf Four days old, showing simple branching of conidiophores and 
clusters of conidia. X 420. 
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Fkiure 4. — A, Perifchecia on and in the 
body of a larva of Dendroctonus monti- 
colae. The live larva was taken from a 
gallery mined under the bark of a lodge- 
pole pine and was dropped into a test 
tube containing malt agar. X 14. B, 
A section through the interior of the 
base of a young peritheciiim : a, Imma- 
ture asco^orcs developing outside the 
ascus; 6, somewhat older ascospores 
changing from globular to cylindrical; 
c. almost mature ascospore changing in 
sliape to a rectangular parallelepiped 
with square ends. X 1,750. 


small clusters on the tips of short 
conidiophores or on the ends of 
hyphae and are 4/z to in di- 
ameter. Ovoid coriidia, 4// to 5 m 
wide by 6.5 m lo 8 m long, form on 
the g(»rm tubes, directly on the 
hyphae, or on short conidiophores 
(fig. 3, A and B). 

Wli(?n 1 month pld, Van Tieg- 
hem cell cultures had produced 
increased nuinb(*rs of conidia in 
the clusters and along the sides of 
the hyphae but the conidiophores 
remained simple. No culture 
that was started from a single 
conidium produced pej-ithecia . 
About 30 su(*h cultures W('r(‘ 
made from oik' isolate*. 

PERITHECIA 

The perithocia of this fungus 
are the* largest of any Cerafo- 
sUnnidla so far found associated 
with bark b(*(*tles. 

The larg(*st and most abund- 
antly sporulating perith(*cia d(*- 
veloped on the bodies of adults 
tlrat were dropped into t(*st tube's 
containing malt agar, whe*re the'y 
were useel as inocula. Live lar- 
vae were also gooel inocula anel 
substrata (fig. 4, A), Whe*n the* 
cultures were 6 months olel it was 
difficult to dissect the pe'rithecia 
from the insects l>eM*ause e)f the* 
toughness of the mycelium in the 
body. In 9-montii-old cultures 
the beetle* and larvae bodie*s wei*e* 
partly digested, llsually after 
the cultures were 1 yeai'Old tlie 
bodies of beetles and larvae had 
beHui digested, and it was fairly 
easy to remove the wliole perithe- 
cium from the bla(*k mycelium. 

The shape of the peritheciiim 
is typical of Ceratostomdla. The 
black or dark-brown globular 
base is usually submerged partly 
or wholly in the substratum on 
which it is growing and is com- 
monly bare of basal hyphae ex- 
cept those that attach it to the 
substratum (fig. 4, A). How- 
ever, perithecia are found occa- 
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sionally in culture with basal hypliae growing into the air, looking 
like bristles. These are short, straight, septate, and brown, and taper 
at the tip. 

The long slender neck is black or dark brown, usually lighter colored 
at the tip. Rarely it divides into two or three necks. Three rows of 
closely packed ascospores can pass through the neck at once. The 
ostiole is without cilia. Th(». dimensions of the perithecia are given in 
table 1 . In general, the bases of the perithecia in the strains associated 
with Dendroctonus monticolae and D. jumderome in the regions of their 
usual distribution and beyond did not differ significantly in size. Tlie 
necks were slightly shortiu* in those strains associated with D, pan- 
derosae^ but this difference is not regarded as significant because the 
lengths of necks of Ceratostornella perithecia are usually more variable 
than the sizes of tin? bases. 


ASCI 

The immature asci seen were clavate or ellipsoid and contained 
eight immature ascospores. The ascus wall disappears before the 
ascospores are mature (fig. 4, R). The as(‘Ospores develop to a large 
extent outside the ascus. Their formation appears to keep pace 
with the growth of the perithecial neck, as was the case with other 
insect-blue stain fungi studied previously {15, 10). 

ASCOSPORES 

The hyaline ascospores have the shape of rectangular parallel- 
epipeds with square ends, and their angles are made prominent by 
flanges on the outer walls. They are covered with a thin coating of 
a mucilaginous substance. The ascospores resemble those of Cera- 
tostomella ips Rumbold, another blue-staining fungus associated with 
insects {16, jig. 5). 

Table 2 gives the dimensions of the ascospores of 20 isolates from 
differen t localities. The fungus cultures had been grown under similar 
laboratory conditions and were of about the same age when the 
perithecia were mounted for study. The length of the ascospores of 
all the isolates was practically the same; the width of the ascospores 
of the isolates from pines infested with Dendroctonus ponderosae in 
the region where this inse(*t is usually distributed was about 4.t> 
percent smaller than those of the three other groups. Mathematical 
study showed that this difference in width is so small that it could 
be found between geographic strains of the same fungus even when 
associated with the same substratum and carrier. It is too small to 
use as a basis for distinguishing two species of fungi. 

The ascospores did not germinate in sterile distilled water, hut 
about 50 percent germinated within 24 hours in 3-i)ercent malt solu- 
tion or on malt agar. When ready to germinate the right sipiare 
prism-shaped spore swells to more than twice its original size, becomes 
oval or round, and will produce 1 to 4 germ tubes (fig. 3, A, b and c). 

In 2-day-old Van Tieghem cell cultures one finds ungerniinated 
ascospores as well as some ascospores which have swollen and some 
which have germinated and produced hyphae and conidia. Figure 3, 
A, also illustrates the difference in size between germinated and 
ungerminated ascospores. 
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Table 2. — Dimensions of ascospores of Ceratostomella monlium associated with 
Dendroctonus monticolae and D. ponder osae 


Source of culture 

Length of 
ascospore ^ 

Width of 
ascospore 

Usual 

range 

Mean 

Usual 

range 

Mean 

Dendroctonus monticolae: 





In rogion of usual distribution: 

M 

p 

M 

M 

Mctaline Falls, Wash... — 

4. 4-6. 1 

4.6 

2. 4-:4. 0 

2.8 

Targhee Natioual Forest, Idaho _ _ 

4. 4-5. 1 

4.6 

2. 4-2. 0 

2.7 


4. 4-4. 7 

4.6 

2. 4-2. 0 

2.8 


4. 1-5.4 

4.7 

2. 4-2. 0 

2.8 

Washakie National Forest, Wyo. 

4. 4- 4. 7 

4.5 

2. 7-2, 0 

2.8 

1)0 

4. 4-5. 1 

4.7 

2. 4-2. 0 

2. 6 

Wyoming National Forest (Oroys River), W^yo 

4. 4-5. J 

4.7 

2. 4 3. 0 

2. i\ 

Total of 140 measurements, usual range, mean 

4. 4- 5. 1 

4. 6 

2. 4-2. 0 

2.7 

South of its recognized territory: 





Uinta National Forest, Utah . 

4. 4-5. 1 

4.8 

2. 4-2. 0 

2.7 

Do 

4. 1-5. 1 

4.6 

2. 4-3. 0 

2.8 

"Wasatch National Forest, Utah. 

4. 4-5. 1 

4.7 

2. 4-2. 7 

2.6 

Do 

4. 4-5. 1 

4.6 

2.4 2.0 

2.7 

Total of 80 measurements, usual range, mean 

4. 4 5. 1 

4.7 

2. 4-3. 0 

2.7 

Dendroctonus ponderosae: 





In region of usual distribution: 





Dixie National Forest, Utah, near Cedar City . . 

1 4.4-.». 1 

4.8 

2. 4-2. 7 

2.6 

Do 

4. 4-4. 7 

4.6 

2. 4-3. 0 

2.7 

Bryce Canyon National Park, Utah . 

4. 1-5. I 

4. 6 

2. 4 2. 7 

2.6 

Do . . 

4. 4-5.1 

4.7 

2. 0 2.7 

2. 5 

Roosevelt National Forest, ('olo . . 

4. 4-5. 4 

4.8 

2. 4-2. 7 

2. 6 

Harney Natioual Forest, S. Dak,, near Custer . .. 

4. ] .5. 1 

4.5 

2. 4-2. 7 

2.5 

Do... . . . 

4. 4-5. 1 

4.6 

2. 4- 3. 0 

2.7 

Total of 140 measureme.nts, usual range, mean 

4. 1-5. 1 

4.7 

2. 4 3. 0 

2. 6 

I’erritory where some of the beetles are atypical: 2 

Elk Mountain, Carbon County, Wyo.. „ 

4. 4-5. 1 

4.6 

2. 4-3. 0 

2.8 

Medicine Bow National Forest, W'yo 

4. 4-5. 1 

4.6 

2. 4' 3.0 

2.7 

Total of 40 measurements, usual range, mean . . 

4. 4- 6. 1 

4.6 

2. 4-3.0 

2.8 

Total of 400 measurements, usual range, mean 

~4. 4-5. 1 

4.6 

2. 4 3. 0 

2.7 


* In rvory cHSif thos(! flsurt's aro based on the measurements of 20 ascospores, 
■ See footnote 4, f). 590. 


TEMPERATURE RELATIONS 

Ceratostomella montium is adversely affected by temperatures 
and low humidities. Twelve of the first sets of Dendroctonus mon- 
HcolaeAnf ested pine specimens collected between 1930 and 1933 pro- 
duced no fungi when culturexl, while from other sets C. montium was 
occasionally isolated. In 1935, 1936, and 1937, when spe^cimens and 
cultures were held in incubators at temperatures of 12° to 17° C., the 
cultures of 18 sets of D. 7nonticolaeAulesUHi wood or of adult beetles 
produced C. rnontium. Also, cultures made from specimens of D, 
ponderosaeAidesied wood or from adult beetles developed C, montium 
when held at 12° to 17°. The cultures grew and fruited best when 
held ill an incubator at a temperature of 16°. At this temperature 
the beetles and larvae used as inocula remained alive for 2 weeks. 
The fungus grew well, however, when held in incubators at tempera- 
tures between 12° and 22°. When the temperature was raised to 27° 
the mycelium began to deteriorate and yeasts grew vigorously* Ac- 
cording to a Weather Bureau map defining the climatic provinces, in 



May 15, 1941 


Blue Stain Fungus, Ceratostomella moniiurn 


597 


tho eoiitral Rocky Mountains, the mean temperature where these 
specimens were collectcHl is approximately 50° F.® 

TECHNICAL DESCRIPTION 
Ceratostomella montium n. sp.^ 

Young colonics with coni dia while, changing to warm sepia and black, produc- 
ing perithecia; young hyphae liyaline, I.3m to 4^ in diameter; old hyphae brown, 
septate, 4/* to 8/i in diameter; conidiopliores single, hyaline, at first unbranched, 
later simple branclied hyphae bearing conidia in clusters; conidia hyaline, clus- 
tered or solitary, appearing on hypliae and short conidiopliores, globular, 4 m to 
5 m, ovoid to clavate, O.Sm to 8 m by 4 m to 5 m; perithecia black, globose, slightl\' 
hirsute; height of base, range 175m to 448m, usual range 250m to 330m, mean 287m; 
width of base, range ir)2M to 410m, usual range 238m to 320m, mean 278m; neck 
longitudinally striate; length of neck 552m to 3,77()m. usual range 1,141m to 1,902m, 
mean 1,527m; mean widtli of neck at tip, 21m; tJie ostiole without cilia; asci ephem- 
eral, clavate or ellifisoid; ascospores 8, one-celled, hyaline, rectangular paral- 
lelepipedal with square ends; length, range 3.7m ih 5.8m, usual range 4.4m to 5.1m, 
mean 4.6m; widtli, range 2.0m to 3.4m, usual range 2.4m to 3.0m, mean 2.7m. 

On sapwood of Pinuft monticola, P. contortu latifolia, and P. fiexilis infested 
with Dendroclonus mo7iiicolae , and of P. ponderosa, P. Jlcxilis, and P. contorta 
lafifolin infested witii />. ponderoHae, in forests in the central Jiocky Mountains, 
Ihiited Stales of America. 


DIAGNOSIS 


Ceratostomella montium sp. nov. 

Coloniis juvenilibus conidiferis albis turn brunneis-nigrescentibus cum peril he 
ciis; hyphis hyalinis 1.3 m"4m diam., deindc brunnescentibus 4M“8ju diarn.; conidi- 
ophoris hyalinis, simplicibus ramosis; conidiis hyalinis, in hyphis primo apparenti- 
bus, globosis 4m”-5m, ovoideis vcl clavatis 6.5m-8m X 4m-5m, solitariis, deinde in 
massulas congregatis; peritheciis nigris, globosis, leniter hirsutis, 175m--44Sm 
altis, 162m-410m latis; rostellis 552m-3,77Gm longis, ostiolo carente filarnentis; 
ascis evanidis, clavatis, octosporis, ascosporis hyalinis, formis rectangular parallel- 
epiped, quadratis extremis, 3.7m 5.8m X 2m-3.4m. 

In ligno sapido PinuH monticola^ P. contorta latifolia, P. flexilis Dendroctono 
nionticolac infestato, et in ligno sapido P, ponderosa, P, Jlexilu, P. contorta 
latijolia Dendroctono ponder osae infestato. 

Silvis in mediis Rocky Mountains, United States, America. 

YEASTS ASSOCIATED WITH CERATOSTOMELLA MONTIUM 

From ail of the inocula. yeasts ® developed first, and later Ceraiosto- 
mella 'montium appeared, growing: out from the yeast colonies (fig:. 
5, A), They were of the same two types of yeast associated with 
the bark beetles that iireviously had been studied for fung:us associa- 
tions (7, 15, 16). In the laboratory the yeasts endured and grew 
at higher temperatures tlian C. montium. 

Most of tlie yeasts belonged to species of Monilia. The term 
Monilia here means, according to Guilliermond {5), Henrici (6*), 
and wStovall and Bubolz {18), a non-spore-forming, or anascosporous, 

«In 1903 Von Schronk (SO) dasoribed a blue stain fungu.s, Ceratostomella pilifera (Fr.) Wiiit. which he iso- 
lated from ponderosa pines infested with Dendroclonus ponderosae colleeted in the Black Hills Forest 
Reserve, S. Dak. (now the Harney National Forest), but he was unsuncessfiil in isolating' a blue staiuing 
fungus from the beetles. The hi^h temperatures in tho laboratory at tlio M i.ssouri Botanical Garden, St. 
I.»ouls, Mo., where the cultures were made, may have suppressed the growth of C. montium and oncourapecl 
that of C. pilifera. Scheffer and Lindgreii (i7) have shown that KOographical strains of C. pilifera differ 
measurably in their reaction to temperature. The maximum rate of growth of several strains has been 
found to occur at 28® to 29® C., while growth is inhibited at 35°. 

Since this paper was prepared, tho name Ceratostomella montium Rurabold has been used by Vinje (7P), 
to whom the writer supplied cultures and who described the develo])ment of the fierithecia. 

8 Those yeasts were cultured and Identified by Eugene C. Holst, formerly student assistant, Division of 
Forest Pathology, now assistant bacteriologist, Bureau of Entomology and Plant Quarantine. 
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Figure 5. — A, Culture on malt agar of Ceratosto-- 
mclla moniium and anascosporous yeasts from 
an adult Dendroctonm ponderosae: a, Black 
mycelium; 6, white glistening yeast; c, black 
perithecia growing on surface of yeast. About 
X 10. B, A 9-day-old culture of anascosporous 
veast isolated from an adult /). ponderosae. 
X 12. 


budding yeast, which may 
also exist in a mycelial 
form (fig. 5, with the 
possibility of conidia being 
l)orne on the hyphae. 

T h es e an as co sp oro ii s 
yeasts are mostly Myco- 
Candida and Mycotoruloides 
d(‘fined by Lang- 
eron and Talicc {10) and 
Lodder {12). One of the 
types isolated from Den- 
droctonus rnonticolae col- 
lected in the Metaline 
Falls, Wash., region was 
found to resembl(‘ a type 
isolated from the insect D. 
jyiceaperda Jlopk. collecti'd 
in Canada.^ 

In addition to the usual 
anascosporous niycidium- 
forming yeasts, Zygosac- 
charomyces pint Ilolst (7) 
was isolated from sevcui 
Dendrocton us po ruler osae 
beetles collected in Ilanuy 
National Forest, S. Dak. 

The diflVrent specie's of 
yeasts gr(>w on sterilized 
pine on which the blue' 
stain fungus did not grow. 
They have a stimulating 
effect on the staining fun- 
gus, causing it to grow 
moj’c vigorously on agar 
and to fruit more quickly 
than the pure cultures of 
Ceratostorn ella vionti urn . 
They are frequently found 
growing up the outside of 
the necKS of the perithecia, 
so that when ascospores 
are ejected from the osti- 
olcs, yeast is mixed with 
them. 


DISCUSSION 

Ceratostomella moniium 
is probably too sensitive to 
environmental influences 

» Holst, E. C. yeasts associated 
WITH several species OF BEETLES. 
Prog. Rpt., Div. Forest Palh.U. S. Bur. 
Plant Indus., July 1, 1934. [Unpub- 
lished manus(5ript.J 
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to'bo able to spread far from the moimtaiii forests. In this it differs from 
C. ips, which can j>:row in a wide range of t(»mperatiires (10® to 35.5® 

C. ) and can infect freshly sawed boards in southern lumberyards. 
While the mycelium of C. inontium can permeate malt agar for 
IK inches below its surface, its perithecia develop only on the surface 
of the medium. Pcrith(>cia of C. ij)^ are frequently found beneath 
the agar surface. Though the i)erithecia and ascospores of C, ynontium 
arc* larger than those of C, ips, whose height of base of perithecium 
averages 2()f)iLt, width 198m, and length of neck 1,273/x, this fungus looks 
like C. ips, in many respects, such as the lack of cilia at the ostiole, the 
shape of the ascospore, rectangular imrallelepiped with square ends, 
appearance of g(U*minating ascospores, and formation and shape of 
conidia. This fungus does not, howcner, produce either the well- 
dev(*lo])ed conidiophores or the fascicles of conidiophores which develop 
in culture's of C. 'piceaperda and C\ ips. Its conidiophore'S are simple', 
anel in this pliase of greiwth it reseunbles C. pseudotsugae Rumbold (/5.) 

An asseiciation of the sanies blue stain fungus with more than one 
species of bark bejetle is not unusual. Ceratostomella. pini Miinch 
is associated with Dendroctonus frontalis Zimm. on the Atlantic ereiast 
and with D, hremcomis Le'C. on the Pacific coast. C, ips is associated 
vvith elifferent species of Ips on the Atlantic anel Pacific coasts and in 
the Central States (11), Whethe'r C, 7nontium is associateel with 

D, rnonticolae fe)UTid in the fere^sts in the Sierras on the Pacific coast 
or in (hinada or with D, ponderosae in the Kaibab National Forest or 
in Mf'xico is not known. 

The' two typers of yeast, Zygosaceharomyces pini and the' aTiascos- 
])ore)us yeasts, that were^ found re^gularly associated with Dendroctonus 
m.ontieolae arul />. ponderosae, are' those foiiiiel with othe'r species of 
bark be'ctles. They apj)oar to be wides])read in the forests in this 
CO untry . Thew are regardeel as of secondary importance in causing the' 
eleath of insect-infe'steel ])ine'S. Experime'nts of Ne'lse)n and Beal {13) 
showed that blue' stain fungi inoculateel into pine trees killed them 
without the aid of bark be'etles e)r yeast. Similar expe'iiments by 
Bramble and Holst {2) gave the same result. Tlie'v found that whe'n 
inoculated into pines the yeast Zygosaceharomyces pini showeel no 
evidence of its pathogenicity. Holst (8) found that the life of the 
bark be'etle D. frontalis was not dependent on yeast, as he raised sterile 
larvae and an adult from surface-sterilized eggs. 

It was noticed that when there was an epidemic of Dendroctonus 
monticolae and D. ponderosae in the forest the specimens' sent in, 
whether insects or the bark or sapwood of infested pines, developed 
Ceratostomella montium and yeast in almost pure form. When the 
beetle infestation in the forest was light, however, the C. montium 
cultures isolated grew slowly and other fungi also were isolated. The 
close association of beetle and fungus could be seen in the original 
test-tube cultures when adults or larvae were the inocula. They 
developed vigorous cultures of C. montium, with large perithecia 
growing on the bodies of insects and larvae. 

SUMMARY 

The bark beetle Dendroctonus monticolae infests mountain pines in 
the central Rocky Mountain forests, extending from the Canadian 
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boundary south to the Targhee National Forest in eastern Idaho to 
the Wyoming and Washakie National Forests in southwestern Wyo- 
ming and the Wasatch and Uinta National Forests in northeastern 
Utah. It carries with it in its attacks on the pines a blue stain fun- 
gus, Ceratostornella montium^ a not previously described. 

This fungus is disseminated also by the bark beetle D, ponderosae when 
it infests pines in mountain forests extending from Dixie National 
Forest in southwestern Utah, Bryce Canyon National Park in south- 
central Utah, and in forests extending northeast to the Roosevelt 
National Forest in northeastern Colorado, Medicine Bow National 
Forest in southeastern Wyoming, and Harney National Forest in 
southwestern South Dakota. It is not known whether this fungus is 
associated with the beetles in other parts of their range. 

It is doubtful whether Ceratostomella montium will spread from the 
mountain forests, for in artificial culture this fungus does not tolerate 
high temperatures. It has been found to grow best at a temperature 
of 16° C., and grew well between 12° and 22°. 

Ceratostomdla montium. grows beneath the bark of beetle-infested 
pines. At the time the insects are emerging, the long necks of the 
large perithecia grow into the galleries, wliere they appear like thin 
black wires. The fungus-infected sapwood usually is gray, shading 
to blackish green gray. 

The beetles carry with them, besides the blue stain fungus, two ty])es 
of yeast — an anascosporoiis mycelium-forming group and Zygosac- 
charomyces pini 
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EFFECT OF TEMPERATURE DURING IRRADIATION ON 
THE X-RAY SENSITIVITY OF MAIZE SEED* 

By J. H, Kempton, botanist^ Division of Cereal Crops and Diseases^ and IjOUTs R. 

Maxwell, physicist^ Division of Fertilizer Research^ Bureau of Plant Industry^ 

United States Department of Agriculture 

INTRODUCTION 

Certain organisms in the resting phase respond to heavy X-ray 
dosages by dying soon after an apparently normal early growth. In 
the case of air-dry maize seeds this phenomenon, whicli has be(*n 
called delayed d(»ath (/),^ is characterized by death of the seedling 
following normal germination and development to a stage where the 
first leaf is partially exserted from the coleoptile. This behavior 
has been noted for all the common cereals and niim(»rous dicotyh^don- 
ons species. Comj)arable behavior has been observed in the fungus 
Ihtilago hordei} Sugiura {12) has reported a similar response for 
wheat seedlings, and Enzmann and Haskins (.f) have noted delay ('d 
death for many gardcui seeds and also for the vinegar fly, Drosophila. 

Tests for the possible destruction of growth substances indicate 
that auxin production is not directly interfered with by the irradiation 
used, although there is evid(‘nce that the transportation mechanism 
is restricted.^ It is believed, therefore^, that delayed death cannot 
b(‘ explained as a secondary reaction brought about by tlu' lack of 
growth substances. A break-down in transportation, however, 
points to a disruption of cellular dynamics, of winch tin* failure to 
transport growth substance is one manifestation. 

A possibles explanation of the parti ah growth but early death of 
seedlings from X-rayed s(‘eds can be based on the profound derange- 
ment of the chromatin produced by X-rays. It has b(*en shown by 
Stadl(T (lO) and others that chromosomes are broken as th(» resuit 
of X-raying s(*(m1s and that tlu'se bi’caks lead to translocations, inver- 
sions, deletions, and fragmentations. 

Whiting {13), experimenting with irradiated ujif(‘rtiliz(Hl eggs of 
IlabrobracoJi, concluded that the death of eggs is correlated with theii’ 
chromatin condition. She found that eggs in the first meiotic meta- 
phase failed to hatch, that those in the latest prophase (diakiiu'sis) 
hatched but failed to mature, and that those newly diflVrcuitiatiHl 
(preleptotcne) had a mortality of 69.() percent and a large percentage 
died as larvae. The younger oocytes with nurse and follicle cells 
(early prophase) are the most resistant with the exception of those 
in the late prophase with diffuse', chromatin, which have the lowest 
mortality of all. 

Stone {11) studied the effect of X-rays on the mitotic divisions in 
the root tips of Crocus olinieri and concluded as follows: 

It appears likely that the sequence of events is as follows. X-ray treatment 
causes a relatively spontaneous physiological reaction, which is sufficient to suppress 
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further division in resting nuclei but not able to stop the process of division 
already iiegun. This is in agreement with Strangcways and Hopwood,* but 
it is possible to go further and suggest that this change increases slowly in inten- 
sity, and wdien the intensity is at its highest acts in a similar way upon the resting 
nuclei, derived from divisions allowed to proceed normally after treatment. 
Activity is suspended for a certain period (depending upon the dose applied), 
and then the effect wears off and mitoses begin to appear. Many are abnormal, 
and it is clearly possible that these abnormalities may have been initiated during 
tlie post-mitotic as well as during the pre-mitotic resting stages following 
treatment. 

Collins and Adaxwell {!) report that in root-tip material of dc- 
layed-killed maizo soodling:s Longley found all mitoses abnormal in 
some degree, the Jibnormnlities ranging from divisions with lagging 
chromosomes to divisions in which the chromatin was an undiffer- 
entiated amorphous mass. Such nuclear disorganizntions produce 
unequal distribution of chromatin when cells divide. Thus, althoiigli 
a few cell generations are possible with unequally dividend chromosomes 
eventuallv the loss of balance between nuclear eleiiKUits ])revents 
further division and growth cc^ases. This idea finds support in the 
fact that under normal conditions the cells of the lower leavc'S of 
maize have a life limitc'd at most to a h^w weeks. In the absenc(^ of 
continuing cell generations the first leaves of uninjured seedlings 
pT*esumably die simply b(‘cause the cells are short-lived. Wlum 
normal maize seedlings have tlieir growing point al)Ove the first true 
h'uf removed, this leaf may survive 3 wc'eks — a fx'riod not much long('r 
than the time seedlings from X-rayed S(mh1s may live. 

Altliough delayed death is a consistent result obtained with air- 
dry maize secnls for dosages greater than 00 kr.,® this is not the case 
when dosages approach the delayed-death thrc'shold. in very 
exc(*ptional cases \00 percent delayed killing has been ol)t aim'd with a 
dosage as low as 20 kr., while in other instances a high pc'rc.entage 
survived at 35 kr. In all these experiments the X-ray closage wuis 
under rigid control, having a maximum variation of 5 pcucent. The 
erratic results in seedling survival at the threshold dose Undoubtedly 
may be ascribed to important uncontTt)lled factors operative*, after 
planting. Some progress has been made in determining the factors 
of environment that affect survival, but the results are not yoi (‘on- 
si stent enough to justify conclusions. 

More certain results have been obtained with temperature treat- 
ments given the seeds during the time of irradiation. It has been 
shown (7) that when seeds are held at liquid-air temperature during 
irradiation their sensitivity to X-rays is reduced, as determined by 
the extent of seedling growth in the delayed-killed stage. Appar- 
ently those factors responsible for delayed death are diminished by 
exposure to liquid-air temperature during irradiation. 

The present paper reports further experiments on the effect of the 
temperature of air-dry seeds during the time of irradiation on the 
growth of maize (Zea mays L.) seedlings. The temperatures in- 
vestigated ranged from —187° to 66° C. ; X-ray dosages ranged from 
35 to 45 kr. 

EXPERIMENTAL METHODS 

The X-ray set-up used for the irradiation has been described pre- 
viously (7). The seeds were placed in a metal boat that floated on 


4 Citation to literature in Stone Cl I). 

* Abbreviation of kiloroentgen; 1 kr. equals 1,000 roontgens. 
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liquid air for t]K3 —187° C. t<‘mporaturo, in a thick mixture of carbon 
dioxide snow and alcohol for the —66° temperature, in crushed ice 
and water for the 0° treatment, in wat(‘r at room temperature for the 
room-temperature point, and in hot water for the 50° temperature. 
For the 66° temperature, an oven witli temperature controls was used. 
Seed temperatures wei-e di'tca-inined by (unbedding a th(‘rmocoupl (3 
in one of th(‘ seeds. Tc^rnpi'ratures ^iv(ui are accurate within ±5° 
for the liquid air flask arrangement and ±2° for tlie oven. When 
the ovtui was used the sei'ds were lying on a sheet of paper; therefore 
the dosages given under tliese conditions were increased Viy about 5 
percent to subject the seeds to the same dosage as that given in the 
liquid-air flask arrang(*m(‘nt. UihUt the conditions of irradiation, 
i. with 45-kr. constant potential, tungsten anode, and no appre- 
ciable filtration, th(3 amount of back-scatt(‘ring was measured and 
was found to be about 8 perctuit. Dosage values are measured by an 
open air ionization chamber and are accurate within 5 percent. 
Fx])osure time rangt'd from IV/i to 5 hours. 

Th(' seed us(‘d throughout was Furdc Yellow D(*nt drawn from the 
larg(‘, thoroughly mixed sample usihI in previously reported (‘xperi- 
nu'uts. Th(‘ lot from which the treated samples were drawn was 
stored at 1° to 2° C. In all the exepriments rivported hc're, (‘xcept 
1, the s(*edlings were grown in a gnaadiousc in nudal or rubber flats. 
Th(‘S(‘ flats accommodated 144 siaMllings in 12 rows of 12. They 
w(‘r(? 1 foot sciuare and 4% inches deep. After the seed was sown, the 
flats w(‘re mount(‘d on compound dinostats, where both the tahhi 
and the individual flats rotated independently. Tests were made' in 
randomiz(‘d blocks, (*ach flat containing 2 or morci completi^ series. 
Wh(‘re tlie experiment was of such a siz(3 that more than 1 cliuostat 
was r<‘quir(Hl, th(‘ (‘hoice of flats betw(3en dinostats was also random. 

With the exc(‘ption of the last four (experiments d(3scribed Ixdow 
tlu* s(‘(idlings were grown in carefully inixcal soil covered with a half- 
inch layer of watcT-washed sand. Usually the variance between 
flats (exceeded that which might be attril)uted to chance in spite of 
meticulous care in distributing the sterilized soil among tin', flats, in 
compressing it bedore planting, and in watering before and during the 
cours(3 of the exp(>riments. Accordingly various tests wovo conduct(‘d 
with sand and soil, with and without cultun? solutions. The least 
varianc(3 betw<'en flats was obtained with sand saturated witli the 
culture solution given by Eaton 05). Constxpuuitly this system has 
b(^en used for the last four exp(3riments n^ported. The seeds were 
plantc'd point down, at a depth of one-half inch in soil or in wat(3r- 
washed st(a*ilized sand brought to a moisture cont(Uit of about 25 
perc(>nt. The flats w('re covered with impervious black paper until 
th(^ s(‘eds gcTininated. Then th(> paper was r(»moved and the flats 
W(‘re brought up to saturation each morning. In all cases the S(>(h 1- 
lings were measured at haist twice and in some instances fiv(‘ times, 
at intervals of 2 days. Failure to (dongate Ijctween any two measure- 
ments indicated death. Most of the experirncaits wcu'e continued 
until all question of survival or demise was settled. 

The variance was analyzed for each series of measurements for 
each exp( 3 rim(>nt, and the errors given below arc from generalized 
standard deviations for each (experiment. As a rule the variance of 
blocks wdthin flats and betweien cli nostats nev('r exceeded that (expected 
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by chance, and in the last four experiments this was true of the vari- 
ance between flats. 

RESULTS 

The results are presented in chronological order. This is done to 
ilhistrate the reproducibility of the effects observed and also because 
th(i experiments lead from one to another. 

EXPERIMENT 1, THREE-POINT LARGE-TEMPERATURE-VARIATION TESTS, APRIL 1939 

Three lots of 288 sec'ds (^ach were given a dosag(‘. of 35 kr. These 
were held at —187° C., room temperature, and 61°, respectividy, 
during the time of treatment. The seeds were planted on April 10, 
1939, and the experiment was terminated on April 20, since by that 
date th(^ s(>edlings from seeds X-rayed at room t(unp(n*ature were 
dying. By April 26 all tlu^ seiHllings of the room -temperature seric^.s 
were dead. No final count of survivors was mad(‘, because some of 
the flats were broken down for photographing. A summary of the 
results obtaiiKul is given in table 1. 

Table 1. Effect of need ternperaiure during X-raying {35 kr.) on size of seedlings, 

April 1930 


ToJiil soe(l]ir)K« ' Mraii hcigfjl of sordlings 


S(H*d tojiiijoratnre C.) at exposure to 
X-rays 

! 

] 

Apr. 17 

Apr. 20 

Apr. 17 

Apr. 20 

■-187.. 

21 (room) 

61 - .... 

Number 

2f)4 

279 

286 

Number 

268 

270 

284 

MiUhnelera 

10. aOdirO. 74 
8. 61 it .71 
36.66rfc .70 

Millimeters 

27. 4 Id: 1.63 
6.44-^1.46 
81.82.-1:1.46 


1 288 seeds in each tniatmont. 


It is noticed tliat, in agreement with results previously j*eported 
(7), the sensitivity of scmhIs held at —187° C. was definitf^ly less than 
the sensitivity of seeds kept at room teniperatiiro. The schhIs main- 
tained at 61°, howev(»r, produced plants having the greatest height. 
Figure 1 shows a photograpli of three plants typical of the thr(‘e tem- 
perature groups. Chlorophyll deficiencic^s may be noted in the 
su rv i ving plants . 

To determiiKi the effect of temperature alom^, a duplicate set of 
288 seeds was held at each of these timiperatures for the same length 
of time as the X-rayed series (3)^ hours) and in the same containers 
and positions. These non-X-ray ed steeds were) planted April 13 in the 
same manner as those of the X-rayed seric's and were nKuisurcHl April 
21. Each lot of seedlings from this non-X-ray(>d material was 
measured only once, and tin? results are shown in talile 2. 


Table 2. — Effect of seed temperature without X-rays on size of seedlings, April 1939 


Seed temi>crature (® C.) at exposure 

Total seed- 
lings 1 

Mean height of 
seedlings 

i 

-187 

Number 

236 

280 

281 

Millimeters 
103. 08^:1.59 
140. 96±1. 46 
139.43=fcl.46 

21 (room)... 

61.. ... : - 



\ 288 seeds in each treatment. 
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It is seen that heating the scmkIs to 61°C.for BK hours had no effect 
on the size of the seedlings but that exposure to low temperatun^ had 
a pronounced detriniental effect on botli g(‘rniination and size. From 



Fioure 1. Typical plants selected from experiment 1 to illustrate temperature 

effects. Treatment temperatures during irradiation (35 kr.) were as follows: 
A, 21® C.; B, -187°; C, 61°. 

table 1, it is evident that germination was low also for stieds X-rayed 
at —187°, but the plants which did appt'ar gr(‘,w definitely taller tlian 
those from seeds X-rayed at room temp(u*ature. 
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EXPERIMENT 2, THREE-POINT SMALL-TEMPERATURE-VARIATION TESTS, MAY 1939 

In cxporiniont 2, 2 X-ray dosages (30 and 35 kr.), 3 temporatiircs 
(20°, 50°, and 60° C.)? 6 lots of 48 seeds each were used. The 

seeds were plantcnl on May 17, 1939, and th(i secidlings were measured 
on May 22, 24, 26, and 29. A sunimary of the rc'-sults is given in 
table 3. By May 26 delayed death from some treatments was evident, 
so the moan heights are given in table 3 for the measurements made 
on May 24. The number of surviving seedlings was determined 
May 29. 


T/VBLE 3. — Effect of seed temperature during X-raying on size of seedlings and 
number of survivors ^ May J0S9 


X-ray dosage (kiloroentgens) 

Seed teiii- 
l)craturc at 
exposure 

Total 
seedlings > 

Mean height 
of seedlings 

Seedlings 

surviving 

30-- - - 

35 - - 

°C\ 

( 20 

{ .50 

1 (>0 

20 

\ 50 

[ 60 

Number 

46 
42 
45 

47 

47 

48 

MWimeters 

8. r)7±0. <13 
Sl.SOdb .07 
47. 56:.t . 04 

8. ]b± .<J2 
37. 40-ir . 92 
34.00± .01 

Number 

10 

42 
45 

1 

43 
40 


i 48 seeds in each treat merit. 


It is obvious that treatments at temperatures of 50° and 60° C. 
resulted in increased height and number of survivors as compared 
with room temperature and that the diirerence in X-ray dosage of 5 
kr. produced a signiheant difference in seedling size at the two higher 
temperatures. The interaction of dosage with temperature was not 
significant, a result to be expected since the two X-ray dosages were 
not greatly different. Although in both X-ray treatments the seeds 
held at 50° gave larger seedlings than those hehl at 60°, the differences 
within X-ray dosages are not significant. . The possibility is suggested 
in this experiment that the most effective temperature for resistance 
to the effects of X-rays is between 50° and 60°. 

EXPERIMENT 3. MOISTURE-SENSITIVITY TESTS, JUNE 1939 

Since raising the temperature of seeds will reduce their moisture 
content, the next experiment in this series was designed to determine 
the effects of X-rays on seeds of low moisture content. For this pur- 
pose a sample of 288 seeds was dried in a vacuum oven at 70° C. until 
the moisture content had been reduced from 8 to 2 percent. One 
hundred and forty-four of these seeds were given an X-ray dose of 
35 kr. at room temperature. The remaining 144 seeds were used as 
controls. There were also included in this experiment 144 stock seeds 
of 8-percent moisture subjected to 35 kr. of X-radiation at room tem- 
perature and an equal number not X-rayed. These four lots of seeds 
were planted on June 15, and the seedlings were measured on June 20, 
21, 22, 23, and 26. The statistical treatment was confined to the 
measurement on June 22, at which date germination was complete 
and delayed death had not become apparent. The results are shown 
in table 4. 
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Table 4. — Number and mean height of seedlings from ovem-dried {Z-percent moiS' 
lure) and stock {S-percent moisture) seeds X-rayed and. not X-rayed, June 1989 


Condit ion of seed 

Treatment 

Total 
seedlings ‘ 

Mean height of 
seedlings 

Seedlings 

surviving 

Oven-dried (2-percent moisture) . 

Stock (8-pcrcent moisture) 

(Not X-rayed . 

1 X-rayed (35 kr.) 

/Not X-rayed .. 

(.X-rayed (35 kr.)._ 

Number 

123 

90 

123 

128 

MiUimetera 
126. 33± 1.06 
11. 4I±1.22 
12.5. 49drl. (X) 
49. 87±1. 03 

Nil ruber 

123 

0 

123 

92 


I Each lot of seeds treated totaled 144. 


It will bo iiot(>(l that a reduction in the inoisture (‘onteiit had no 
effect on seedling siz(^ wIkmi the staaJs wt're not X-rayed, but when 
they were treat(‘xl the deleterious effect of the d lying was pronounced 
botli with respect to survival and mean height of surviving plants. 
Insofar as this (Lxperiment can be considered typical, the beneficial 
eff'ect of liigh ttunperature during irradiation cannot be ascribed to a 
reduction in moisture content. 

EXPERIMENT 4, TWO-POINT SMALL-TEMPERATUKE-VAUIATION TESTS, AUGUST 

AND SEPTEMBER 1939 

In experiment 4 an X-i*ay dosage of 45 kr. and s(‘ed temptu*atui’(^s 
of 31® C. (room temperature) and 51® wer(‘ us(‘d. Tlie choice of 51® 
instead of (>0® was made be*, cause in experiment 2 (table 3) the seeds 
treated at 00® showed th(‘. hurst sensitivity to X-radiation. The seeds 
were iKuited in tin*, ovcai mentioiKHl abov(». Two hundred seeds w^ere 
X-ray(*d at each temperature. Of tlu*se, 144 from each lot were 
grown in the greenhouse and 48 in an air-conditioned room main- 
tained at approximately 25°, with continuous illumination at 300 
foot-candles (Mazda). The plantings were made on August 20, and 
measurements were made August 31 and September 2, 5, and 7. At 
the second measurement, germination was complete and no seedlings 
had died. The results are showui in table 5. 


Table 5. — Effect of X-ray treatment {48 kr.) of seeds ^ on mean height and number 
of surviving seedlings, A ugust and iSeptember 1989 


Seed t,(*ni|.)('ratiir<* C\) at 

exposure to X-rays 


liocation of idaiits 


31 

61 

31 

61 


jnrecnhousc 

I Air-coiiditioncd room 


Total 

Mean height 

1 Seedlings 

se(‘dlings 

of se(‘dliugs 

1 surviving * 

Number 

iMiUimeters 

Number 

142 

26. 13rir0. 93 

107 

141 

29.30nh .93 

78 

47 

25, 43drl.62 


47 

31.38±1.62 



' 2(H) seeds were X-rayed at (aich l-ernperaturo; of thes(^, 144 stnuls from each lot were prow n in the green- 
house and 48 in an air-cx)uditiout!d room at approximately 25° C., with continuous illumination at 300 
foot-candles. 

* The seedlings in the air-conditioned room could not be classified on a survival basis as could those in the 
grtsm house. 


The diffcrtmccs in lunglit of plants between the two treatment 
temperatures would bt*. expected as the result of chance about once in 
20 trials and thcrefort^ can hardly be (U)nsidered significant. How^- 
ever, since both trials sliowed the same bcdiavior and to about the same 
degree, somewhat more confidence may be placed in the results. At 
the fourtli measurement, death had overtaken a large number of the 
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seedlings and, since the survivoi*s were (evidently capable of completing 
growth, the experiment was terminated. 

.For plants grown in the grec^nhouse, the of the distribution of 
living and dea(l plants from the two seed treatments on the assumption 
tliat the two populations are random samples from tlu^. same lot, is 
15.04; from this it is concluded that the seed tcunperature during 
irradiation was an important factor in determining whether the 
seedlings were to live or die. This confirms the Ix^neficial effects 
(huived from using high te.mperature during irradiation. 

EXPERIMENT 5, SIX-POINT LARGE-TEMPERATURE-VARIATION TESTS, DECEMBER 19.‘19 

In experiiiKUit 5 an X-ray exposure of 45 kr. and temperatures dur- 
ing radiation of —187°, —66°, 0°, 27°, and 56° C., were used and 1 lot 
was X-rayed at 27° and was tlien heated at 60° for the same length of 
ti.me as the othei-s, namely, 4K houi-s. Two hundred seeds were 
treated at each temperatun^, and 192 of each of these W(u-e planted in 
8 flats on December 4. TIk^ n^sults are shown in table 6. 


TATUiE 6. — Effect of seed temperature during X-raying (Jf5 kr.) on number of sur- 
vivors and on height of seedlings grown in the greenhouse^ December 1939 ^ 


Scud temperature C.\) at exposure to X-rays 

Total seed- 
lings 

Mean height 
f>f seedlings 2 

Seedlings 

surviving 

-187. 

-(M) 

0 , 

27 .. 

Number 

187 

184 

187 

ItM) 

187 

189 

MiUrmeters 
24. (X) 
18. 09 
11.96 
14. 53 
15.90 
19. 46 

A' umber 

27 

0 

0 

0 

0 

3 

<i0 after 27-. -. . . . .. 

66 


» 200 stsods wore treated at each tomiKjratiiro; 192 seeds from each lot were i>lanted in 8 Hats I )ecerrilH>r 4, 
1939. 

* Standard error equals ±0. 47. 


The possible differences botw(»en tlu^se treatments are given in 
table 7. 

Table 7. — Differences in mean height between the seedlings from various seed 

temperatures * 


I Based on data in table 6] 


Seed temperature (° C.) at exposure to 
X-ray 

Differences botw(jen seedlings from indicated seed temperatures 
C C.) 

-187 

-66 

0 

27 

60 after 27 

-60 

Mm. 

6. 91 
9.04 

9. 47 

1 8. 10 
4.64 

Mm. 

Mm. 

Mm. 

Mm. 

0 

27 - - . 

3.13 
3. 66 
2. 19 
-1.37 




0.43 

-.94 

-4.60 



60 after 27 . . 

-1.37 
-4. 93 


66 - 

-3.66 


» Minus sign indicates that the seedlings from the treatment shown at left were larger than those from the 
treatment designated by the column head. 


As the standard error of a difference is ±0.67, it follows that differ- 
ences to be significant must exceed 1.34 mm. Of the 15 differences, 
only 2 are below the level of significance, namely, the differences 
between seedlings from the seed temperatures 0° and 27° C., and 
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betwcx'n seedlings from seeds X-nwed at 0° and from seeds givcjn a 
lieat treatment of 60° after being X-ray(^d at 27°. Tlnn’e are 2 other 
differences just over the border line of significance, namely, those 
between seedlings from seeds X-rayed at 27° and from seeds given a 
60° heat treatment after being X-rayed at 27° and between seedlings 
from seed tcunperatures 56° and —66°. 

From this experiment it must be (*oncluded that the most sensitive 
se(*d temperature’s for the action of X-rays falls somewhei'e within the 
range of 0° to 27° C. In agreement with the results of previous 
experiments it was found that temperatures either abov(^ or below 
this point W(U*(‘ effective in afl'ording a degree of prot(>ction from the 
action of X-rays. 

WIkui the seedling flats of this experiment were broken down, it 
was observed that tlu^ huigth of the primary root varied with th(' seed 
treatment. Plants from two of the flats were lost before tliis obser- 
vation could b(i put to the test, but th(; primary roots of tlu^ plants 
from the remaining six flats were measured, and the results are shown 
in table 8. 


Table 8. Effect of seed temperature during X-raying (45 kr.) on length of 

primary roots 


Seed temperature C.) 
at exix.»sur(‘ to X-rays 

Total 

seedlings 

Mean rool 
length ‘ 

Seed tem]iorature (” (^.) 
at exiK>sure to X-rays 

Total 

seedlings 

Mean root 
length 1 

j 

-187.. 

Number 

137 

MillimefeTS 

51. 91 

27 

Number 1 
140 

Millimeters 
37. 28 

-«ti 

]3() 

41.37 

HO after 27. - 

139 

39.53 

0 

139 

37. 44 

50 . 

140 

43. 00 





1 Stttiulard error (*(juals ±1. ().!>. 


In general, tlu'se root data support the measurements of seedling 
height although the (urors are greater, Jiartly owing to tli(‘ rediu^tion 
in number, l^issibh^ diflerences are given in table 9. 

Table 9. — Differences in length of primary root between seedling,^ from various 

seed temperatures 

[Based on data in table 8] 


Seed temi)eraturc (° C.) at exposure to 
X-rays 

jyiiiereuwjs ‘ ueiweeu irmu iiiuu'ui,fu 

teinperatiin'S (° ('!.) 

-187 

-60 

0 

27 

56 

-GO 

Millimeters 
10. 54 
14.47 
14. 63 
8.31 
12.38 

MWivieters 

Millimeters 

Millimeters 

Millimeters 

0 . 

3. 93 
4. 09 
-2. 23 
1.84 




27. . . . 

0. 16 
-0. 10 
-2.09 



5fi_. . . 

-6.32 

-2.25 


60 after 27 

'“‘'4”07 



' Minus sign indicates that the roots of seedlings from the treatment shown at left were longer than those 
from the treatment designated in the column head. 


The standard error of a difference is ±1.48, so that to be considered 
significant differences must exceed 2.96. Of the 15 differences, 5 fall 
below the level of significance. 
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EXPERIMENT 6, SIX-POINT LARGE-TEMPERATURE-VARIATION TESTS, JANUARY 1940 

This experiment was essentially a repetition of the one just dis- 
cussed. One hundred and ninety-two seeds at each temperature were 
planted in 8 flats January 15, and measurements were mad(^ on Janu- 
ary 22, 24, and 26. During: tliis period the sky was overcast, permitting 
a fair control of greenhouse tiunperatun^s but also resulting in a greatly 
reduced illumination which was accentuated by snow that covered 
the roof for 2 days. At the time of the first measurement there was 
a significant lag in germination of the seeds treated at 50° C. and a 
depressed growth at tliis temperature. By the second measurement, 
2 days later, the g(*miination had increased though it was still below 
average. At the* sann; time the plants increased in size, growing 
more rajiidly than those from any of the other treatments. This 
diff(U*enc(^ p(u*sisted to the close of the experiim^nt and remains unex- 
plained. wSince the treatments were randomizenl in 8 flats on 2 clino- 
stats and the data were consistent, the reJative'ly poor and gre'atly 
delayiHl germination of the seH>ds treaterl at 50° "C. erinnot be attrib- 
uted to thej growing coiulitions. It is eepially cevrtain that there 
was no aberration in handling during (‘xposure to X-rays. For the 
elosages given, only 100 seeds can be X-rayed at a time, so that each 
of thejse^ lots of 192 seeds was maele up of two se^parate* exposure's. 
These lots were kept separate in planting, and the analysis of variance 
shows that the paired exposures we*re as ne'arly alike as could bo 
expecteHi from random sampling. 

Delay in germination had the efTect of plae*ing theses 50° C. se'edlings 
in an environment somewhat diffeu’ent from the)se eif the other treat- 
ments. But sine‘e^ the greenhouse tempeu’ature^s wer e fairly uniform, 
the chief difference was in the amount of light the plants ree'erverl. 

By the third measurement, on January 26, de>layed eleath was 
apparent in many of the^ treatments. The data are given in table 10; 
errors wer’e calenlate>d for e)idy the second me'asurement. 


Table 10. — Effect of seed temperature during X-raying on size of seedlings and 
number of survivors y January 1940 


Treatment 

I'otal seedlings 

Mean height of seedlings 

Seedlings sur- 
viving 

Seed teniperatiire (° C.) at 
exposure to X-rays 

X-ray 

dosage 

Jan. 22 

Jan. 24 

Jan. 

26 1 

Jan. 22 

!§ 

Jan. 26 

] 

Jan. 29 

Jan. 31 


Kr. 

No. 

No. 

No. 

Mm. 

Aim. 

Afm. 

No. 

No. 

-187 

36 

192 

192 

191 

12. 95 

16. 89 

17.30 

46 

18 

-62 

36 

186 

186 

186 

12. 86 

16.51 

16. 72 

26 

15 

0 - 

36 

187 

187 

187 

12.01 

15.39 

15.63 

21 

5 

27 

35 

186 

185 

185 

12.29 

16.13 

16.36 

16 

6 

60 

35 

138 

173 

177 

11. 16 

20.29 

24.88 

146 

94 

66 

36.7 

185 

188 

188 

14.46 

22.30 

2:i.93 

27 

12 


1 One plant was broken in nioa.suring. 
* Standard error equals ±0.65. 


EXPERIMENT 7, SIX-POINT LARGE-TEMPERATURE-VARIATION TESTS, MARCH 1940 

In experiment 7 the temperatures duplicated those of experiment 6, 
but the X-ray dosage was reduced to 32.7 kr. except for the seeds 
treated at 66° C., in which case the dosage was 34.3 kr. This dif- 
ference was applied to counteract the effect of back-scattering from 
the container used at the lower temperatures. One hundred and 
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ninety-two sc^eds from each of these treatments were planted in eight 
flats Febrnaiy 27, and ni(‘.asurements were made of the seedlings on 
March 4, 6, and 8. The measurements are given in table 11. Erroi-s 
were calculated for only the last two measureiiK'nts, when germination 
was complete. Delayed death was evident at the third m(uisurem<‘nt, 
and th(^ number of living plants was rc^cordcHl March 14. 

Table 11 . — Effect of seed temperature during X-raying on size of seedlings and 
number of survivors y March 1940 


Trcalmoiit 

1 

Total s(*.e<l lings 

. .. 

Mean height ef seedlings 

Set‘(i- 

lings 

surviv- 

ing 

Seed temperafuro (° C.) at 
exposure to X-rays 

X-ray 

dosage 

Mar. 4 

Mar. 0 

Mar. 8 

Mar. 4 

Mar. 0 1 

Mar. 8* 

Mar. 11 


Kr. 

No. 

No. 

No. 

Af m. 

Mm. 

Afm. 

No. 

-187 - . . 

:i2. 7 

180 

188 

188 

14.62 

10. 77 

10. 97 

0 

- iVJ . 

\V2. 7 

187 

188 

188 

14.32 

10.09 

10.02 

0 

0 _. 

:i2. 7 

187 

188 

188 

13.99 

16.43 

16.30 

0 

26.. , . 

32.7 

189 

189 

189 1 

13.06 

16.31 

16.07 

0 

60 

32.7 

181 

184 

184 

19.09 

28. 93 

31.99 

60 

GO - 

34.3 

187 

187 

187 

18.68 

26. 26 

20.37 

17 


‘ DilTcTorioos to be .simiiflcant must (*xm*(l 1.00 nim. 
* DilTorenOA's to be siKiiiOcHiit must exceed 1.78 mm. 


The s(*edlings from the 50° and (>6° C. trt^atnu'uts were significantly 
largevr than those from thc^ lower tempera, tur(‘s. In this exjieriment, 
as in experiment 2, th(^ setuls treated at 6(3° produced smaller stMxllings 
tlia,n those ti‘(‘at(‘d at 50°. The diff(u*(‘nc(^ in size of seiKllings Ix'tween 
the 50° and 66° lots may be the n'-sult of an ov(‘rcorre(*tion for back- 
scattering. Howtnxx*, it corresponds to that found in experiment 2, 
where the X-ray dosages were not modified to corret't for back- 
scattering. 

As in (Lxperinu^nt 6, the seeds treated at 50° (3. W(U'e slower in 
germinating and had a lowei* perccuitage of germination than those of 
the other tr(*atments. In this experiment, liowevcu*, it cannot bo 
demonstrated that this p(»c;uliar behavior of seeds subjected to 
X-raying at 50° is otlu'r than a caprice of chance. 

It is worthy of observation that although the jflants in this ex- 
p(^riment attained a size comparable to those in (L\p(‘riment 6, indi- 
cating clos(4y similar growing conditions, the only surviving seedlings 
were* found in the two high-temperature treatments. 

EXPERIMENT 8, SMALL-TEMPERATURE-VARIATION TESTS, MARCH 1940 

For the foregoing exp(>riments the relatives biological response was 
found to b(^ riiprodiicible within the temptuature rang(i —187° to 
approximately 50° C.; however, some uncertainty was found to exist 
for the higlnu* temperatures. In (experiment 2 the X-ray s(ensitivity 
appears slightly less for the 60° value than for the 50° point; in this 
case a hot- water bath was used for heating the seeds. However, as 
reported in experiments 6 and 7, the seeds kept at 66° showed greater 
injury than those held at 50°. In these later experiments, the 
temperature-control oven was used for the 66° value while the hot- 
water bath was used for the 50° point. Seeds in the oven rested on a 
thin paper support with practically no back-scattering, while the 



614 


Journal of Agricultural Research 


Vol. 62, No. 10 


seeds in the water bath rec^eived the baek-scatterinj^ arisiiifij from the 
metal boat in which they were placed. Since tests made with the 
open ionization chamber showed that the amount of back-scattering 
from the metal boat was about 8 percent of the primary beam in- 
tensity, the dosage given to the S(H>ds in the oven was increased by 
about 5 percent to compensate for the absence of back-scattering. 
The seeds were lying on the metal support with their germ sides up; 
thus a certain amount of the back-scattered radiation was probably 
absorbed in the endosperm so that the 5-pcrcent factor may be an 
overcorrection, which would explain the apparent increase of X-ray 
sensitivity at 66°. 

In order to test further the variations in sensitivity at these high 
temperatures, the oven was used for both the 50° and 66° C. treat- 
ments. By this means differences in back-scattering were avoided 
and the temperatures were more accurately controlled. Also, lots 
of seed were included to determine the effect of a dosage variation of 
about 5 percent. Three lots of 192 seeds each were treated, 2 lots 
at 66°, 1 of which was irradiated at a dosage of 35 kr., and 1 at a 
dosage of 36.7 kr. The third lot was treated at 51° with a dosage of 
35 kr. The 3 lots of seeds were planted in the greenhouse on March 
8 in 4 flats in randomized 3-roAV blocks. Measurements were made on 
March 14, 16, and 18, but only the results of the last measurement, 
at which time germination was complete and delayed death had not 
become apparent, are shown in table 12. The number of living plants 
was recorded March 23. 


Table 12. — Effect of seed temperature during X-raying on size of seedlings and 
number of survivors March 19^0 


Treatment 

Total seed- 
lings i 

Mean height 
of seedlings 2 

Seedlings 
living 
Mar. 23 

Seed temperature (® C.) at exposure to 
X-rays 

X-ray dos- 
f^e 

51 

Kr. 

35 

35 

36;7 

Number 

189 

184 

183 

Millimeters 
26. 97 
29. 34 
25. 04 

Number 

32 

63 

36 

66 _ . 

66.,. 



1 192 seeds in each treatment. 

2 standard error e<iuals ±0.98. 


In experiment 8, seeds X-rayed at 35 kr. showed a lower sensitivity 
at 66° than at 51° C. The experiment, however, was not efficient 
enoiigh to establish differences of less than 10 percent in mean size. 
Limiting the comparison to the two temperatures having 35 kr. 
irradiation, it is seen that 66° has not exceeded the optimum for 
reducing sensitivity to X-radiation. Although the difference in mean 
height (2.37 mm.) is not statistically significant, the fact that there 
were twice as many survivors at the higher temperature may be 
considered strong evidence that the differences in seedling height are 
ascribable to the temperatures. The increase of 1.7 kr. of radiation 
produced a statistically significant reduction in seedling height. 

DISCUSSION 

The data on the percentages of survivors and on mean heights 
given in experiments 5, 6, and 7 can be consolidated to give values 



May 15 , 1941 Effect of Temperature on X-Ray Sensitivity of Maize Seed 615 


showing more eh'arly the temperature effc'cts within the range — 187° 
to about 50° C. In figure 2 is shown the percentage survival as a 
function of the temperature and in figure 3 are shown the imain 



J^'ku'ke 2. -Percentage survival as a function of seed temperature during irra- 
diation (experiments 5, 0, and 7). 



TEMPERATURE OF SEED DURING IRRADIATION CC.) 


Figure 3. — Mean heights of plants as a function of seed temperature during 
irradiation (experiments 5, 6, and 7). 

heights. The greatest survival is obtained at about 50°, and the 
lowest survival in the 0° to room-ttmperature range. In deriving 
the means it was necessary to weight each mean proportional to the 
mean height of its particular group. These diagrams suggest the pos- 
sibility that quite different factors are influencing X-ray sensitivity. 
One set appears to predominate below about 27°, where the relation- 
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ship of toinperatiiro aiul X-ray sonsitivity is essentially linear. 
Another set, which greatly reduces X-ray sensitivity, comes into 
operation above aliout 27°. The 66° value was not included because 
of the uncertainty mentioned above concerning the back-scattered 
radiation. However, on the basis of the data obtained in experi- 
ments 2 and 8, where no back-scattering factor entered, tlie 66° heat 
treatment resulted in a further reduction in the X-ray sensitivity. 

The experiments described aliove show repeatedly and in a con- 
sistent manner that the X-ray sensitivity of maize seeds depends 
upon the temperature during tin* time of irradiation. It has also 
been demonstrated that the X-ray sensitivity is greatest in the 
rang!', of room t-emperaturc' to 0° C. An increase of tem])erature to 
50°, or a decrease of tcniperature to —187° will in (‘ither case result 
in a lowering of the X-ray sensitivity. 

A purely physical interpretation {(i) of the nu'chanism responsible 
for d(dayed death show(*d, on the basis of tin* so-called '^hit'^ tlieory, 
that th(> seed did not contain a single sensitivi*. volume of dimensions 
requircMl by the theory. It is possible, howevcT, that the schhI embryo 
contains si^veral rather widtdy separat(*d sensitive' volume's, each one 
of which must suffer a- number of hits by primary or seceinelary 
electrons to proelucc delaye'd elealh. De'ath of the plant may result, 
theu’clbre, from an inte'raction be'twee'n the sensitive volume's anel the 
remainde'r of the mate'rial, as well as fre)m inte'rae'tions existing be- 
tween the'msclves. Temperature alone obviously will not change 
the rate? of quanta absorption or the number of hits per unit volume; 
howeve'r, the transportation ine'chanisms betwee'u various })e)rtions 
of the seeel will be teMuperature'-depenelent. The observeel ele'e'i'easeel 
sensitivity at the low te'mperature may be elue to a slowing uj) e)f the' 
cell mechanism for elissemination of ene'rgy re'ceiveel from the? f)rimary 
electrons. This woulel residt in a greater localization of the al)sorbe‘el 
ene'rgy so that the activated se'usitive volumes would be less e'ffective 
in killing the plant. Although a theory e)f this kind may holel as an 
explanation of the reduceel sensitivity at low temperatures, it fails 
to explain the response observeel at high temperature's. 

A conclusion that the ultimate cause of delay eel death is to be 
found in the elcrangeme?nt of chromosomes with consequent break- 
down in mitosis restricts the factors contributing to semsitivity to 
those which in some manner will afi’ect the behavior of chromosome^.s. 
In the present experiments these factors must be pre^semt during 
exposure to X-rays. ]ti resting seeds where no cell divisions are 
taking place, the chromosomcjs are not found as separate bodies and, 
although the chromatin appears as disconnected dots, these dots may 
be organized in an extended tlircad form. In this condition the 
chromosomes are subject to breakage. If the cause of seedling demise 
is due to physical injury of the chromosomes, then the external fac- 
tors which reduce sensitivity to X-rays must operate in such a way 
as to protect the chromatin organization from these injuries or to 
heal the injuries after they occur. 

Other investigators dealing with temperature-dependent sensitivi- 
ties have attributed the reduced sensitivity at high temperatures to 
recovery. For example, Saks and Enzmann {8) investigated the effect 
of temperatures within the range 3° to 38° C. on chromosome break- 
age in Tradescantia. In their work flower buds were X-rayed at 
several temperatures and a cytological examination was made of the 
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chromosomes. It was found that wdth increascj in temperature there 
was an apparent decrease in broken chromosomes. They attrib- 
uted tlu'ir failure to observe breakages at the higlier temperatures 
to recovery. They assumed that breakage's took place equally at all 
temperatures but at the higher temperatures the broken ends reunited, 

Faberge (5), also working with Tradescaniia, has essentially con- 
firmed the results of Saks and Enzmann by observing a re'ductioii in 
the number of chromosome breakages when flower buds W(Te X-rayed 
at 30° as com})ared with 15° C. 

Spear (.9) found that in animal-tissue cultures exposed to gamma 
rays at 37° and at 1° C. the reduction in mitosis was identical, but 
tluit recovery reci|uired a much longer tiinc^ when cultures were irradi- 
ated at the lower* trunperature. 

Cook {;2)j on the other hand, obtained greater* recovery of one-cell 
Amiris eggs from 5 kr*. by holding them at 5° C. after treatment 
than at 25°. Delay in cleavage, however, was found to be ternpera- 
ture-iiuhqrendent. These rccovecy effects in tissue culture can hai'dly 
he api)li('d to dry seeds, where ther*e is no aetivci cell division. It 
seems more likely that chrxrmosorne breakages ar“t? not the most impor- 
tant factor in the present experiments, since no obvious mechanism is 
ap])ai*ent for reuniting the ends in the resting seeds. 

No attempt has be(>n made in the current experiments to establish 
the regularity of chr*omosome Ixdiavior as the result of higli or low 
treatment temperatures in all th(» plants surviving these dosages. 
However, pollen moth(*i* ceils of S(W'er*al such jrlants have been exam- 
ined by Longley anei founel to be» irenmal. Other* jrlants have benn 
transplanteel and gi'owri to maturity in the fleiel witherut sherwing 
abnormal hehavior. They produeexi vialrle polleai without exce‘ssive 
quantitie^s of sterile gi*ains, anel they maturexl se^e>el wiieai seif-jrerlli- 
natexl and funeiioned as tnalei parents on non-X-rayed plants. This 
behavierr is fairly satisfactory evielence that these> plants, anel pr*c- 
sumahly, theirefore, all the^ see>dlinp that surviveel, had normal cyto- 
logical eleveioprnent, The^ only visible evidence of abnormality was 
a ver*y fine striation in the leaves, founel invariably on all the seedlings 
from X-rayed seed in the?se experiments. 

Appareritly the teimpeu*atures ter be eflVetive must jrrevail during 
irr-adiation. The single observatiorr reported here (experiment 5) 
wiiere the X-r*ayeel seexls were subje'cted to high temperature follerw- 
ing irr*aeliation showed no significant be>neficial eifect of postirraelia- 
tion temperature. Furthermore, when seeds were subj(‘(»t(Hl to high 
trunpei’ature before irradiation ((experiment 3) they w c^re (dcxirly more, 
rather than h^ss, sensitive to X-rays. Tlu^se results with anteirr’adia- 
tion and postirradiation t(unp<iratur(^s are admittedly limited and ar e 
not(Ml here as merely suggc'stive. Their bemring on the subject of 
the nature of X-ray injury can aw^ait a more adequate demonstration 
that temperatures at othc^r than the irradiation period are ineffective. 
Experiments are now in progress to test this (question. 

SUMMARY 

Certain organisms X-rayed in the r(‘sting stage respond to heavy 
dosages by dying soon after an apparently normal early growth. In 
the case of air-dry maize seeds this ph(uiomenon, wmich has b(X)n 
called delayed death, is characterized by the death of tire secidling 
after normal germination. Repeated experiments show in a consistent 
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manner that the X-ray sensitivity of air-dry (8-percent moisture) 
seeds of maize depends upon their temperature during the time of 
irradiation. 

Tile temperatures used ranged from — 187° to 06° C. and the X-ray 
dosages from 30 to 45 kr. Heights of plants and the survival ratios 
were used for determining X-ray sensitivity. 

It was found that maximum sensitivity occurred for the tempera- 
ture range of 0° C. to room temperature. Either an increase or a 
decrease of the seed temperature from these values resulted in a reduc- 
tion of the X-ray sensitivity. 

X-ray dosages of 30 to 45 kr. are known to cause derangements of 
the chromosomes, but since the material used in these experinuviits 
was in the resting stage it is believed that the observtnl decrease in 
sensitivity at the extreme temperatures cannot be explaiiu'cl as recov- 
ery from injury to tlu^ cliromosomes. Further questions concerning 
the interpretation of these results are discussed. 
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PRODUCTION OF HEAT AND OVULATION IN THE 
ANESTROUS EWE ‘ 

By T. Donald Bell, af^aistant animal hvshandman, New Mexico Agricultural 
Experiment Siationy formerly fellow in Animal Husbandry, University of BVs- 
consin, L. E. Casida, associate professor of genetics, G. Bohstedt, professor of 
animal husbandry, and A. E. Darlow, associate professor of animal husbandry, 
Wisconsin Agricultural Experiment Station 

INTRODUCTION 

In most sections of tln^ United States tlie ewes of most breeds of 
slieep will breed only during the fall and winter months. Because of 
this fact, the majority of lambs are born in the spring and marketed 
in the fall. Lambs going to market during tin* spring and early sum- 
mer generally bring a higher i)ricc, but for their production the (iwes 
must be bred during the spring months. A sure but economical means 
of causing (‘W(‘s to breed at tliis season would be of decided valuer to 
the sheep industry. Experimental attempts to producer heat and 
ovulation in tlie auestrous ewe by injections of endocrine substances 
are rciported in this article. 

Ewes may show signs of estrus without ovulating. It is necessary, 
ther(dore, to liave some means of det(^rmining whether ovulation 
occurs. An operation permitting inspection of the ovari(‘S lias been 
(employed by some investigators, but this proccnlurci has very evident 
disadvaiitages. Suggestions have b('en made that ovulation could be 
detected by clianges in the type of vaginal secretion, and a review of 
th(i vaginal smear records of the treated ewes has, therefore, b(‘(‘n in- 
cluded in the study. 


REVIEW OF LITERATURE 

Cole and Miller (S) ^ and McKenzie and Terrill (6‘) brought ew(>s 
into estrus during anestrum by injections of estrongenic substances. 
The former used estrogenic hormone from mare urine. McKenzi(; and 
Terrill injected Frogynon-B and were most successful with tlu^ use of 
9()() to 1 ,500 rat units. 

The induction of ovulation accompanied by estrus has becui reported 
by Cole and Miller (^, 3). The gonadotropic hormone of pregnant- 
mare serum was given in doses of 100 rat units spaced at 17-day inter- 
vals. Smiultam'ous injections of pregnant-mar(i scrum and estrogen 
commonly resulted in estrus without ovulation. Injections of preg- 
nant-mare serum followed by injections of estrogcui 2 days later 
commonly resulted in ovulation without estrus. 

McKenzie and Terrill (0) obtained ovulation without estrus in 5 of 
11 anestrual ewes injected with 300 to 400 rat units of pregnant-mare 
serum. 

Casida (/) has induced ovulation in 3- to 5-month-old lambs by 
injecting, subcutaneously, small doses of a pituitary extract, pre- 
pared as a partially purified follicle-stimulator. 

^ Hoceived for publication September 10, 1940. Paijor from the Department of Oeneties (N'o. 207b Wis- 
consin Agricultural Experiment Station, '’I'lie work heroin reported was support'd iti part by a grant from 
the Wisconsin Alumni Rescwch Foundation. 

2 Italic numbers in parcnthese.s refer to Literature Cited, p. 625. 
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Clianges in the vaginal smear have been reported by Hawkins and 
Darlow {5), Grant {/f), Colo and Miller {S), Polovzeva and Fomenko 
(7), Richter and Rittan (5), and McKenzie and Terrill {6). The 
findings are not entirely in accord. Grant {4) and Richter and Rittau 
(<9) doubt the reliability of the vaginal smear as an indicator of the 
stages of the estrual cycle. Cole and Miller {3), however, believe that 
the presence of large quantities of transparent, watery mucus char- 
acterizes early cstrus; and a copious, dry, cheesy smear consisting 
chiefly of large squamous epithelial cells characterizes metestrum. 
Polovzeva and Fomenko (7) reported that the vaginal smear was a 
reliable indicator of ovulation, ovulation usually occurring after the 
appcjirance of cornified cells and before the appearance of leucocytes 
in the vaginal smear. 

EXPERIMENTAL PROCEDURE 

EXPERIMENTAL ANIMALS 

The sheep used in this study included 30 yearling ewes, which wiTe 
selected from two groups of feeder lambs, near Madison, Wis., in the 
spring of 1938. TIk'sc ewes were of western origin (predominantly 
fine wool) and averaged about 85 pounds in weight at the time of pur- 
chase. They were kept in a barn during the ('utire experimental 
period, except for brief exercise periods when they weri^ turned into a 
diy lot. Alfalfa hay consumed ad libitum was the sole feed during 
the study. 

VAGINAL SMEARS 

Vaginal smears were taken from each owe daily, except for a short 
period during the summer. In making these smears a speculum, 
made of 12-mm. glass tubing approximately 22 cm. long, and an 8-mm. 
glass rod, about 12 cm. longe^r than the speculum, were used. The 
ewe to be smeared was placed in a stanchion, the glass speculum in- 
serted into the vagina and pushed forward and upward until the 
cervix was reached. The rod was then inserted through the speculum, 
the speculum withdrawn 1 to 2 inches, and the smear taken by rotating 
the inserted end of the rod on the exposed surface of the anterior 
vagma. The rod and speculum were removed after the upper end of 
the rod had been pulled back into the speculum to prevent contami- 
nation from any other region of the vagina at the time of withdrawal. 

The consistency of the mucus found on the rod was noted and 
recorded as ‘Hliin,” thick, or ‘VJiecsy.^^ If no mucus was present 
the smear was recorded as ^'clear.^^ The smeared end of the rod was 
then rotated in a drop of water or eosin solution on a slide and this 
slide was examined under the low-power objective of a microscope. 
No actual counts of the various cell types found were made, but esti- 
mates of the numbers of the large, round, nucleated epithelial cells, 
the cornified epithelial cells, or scales, and leucocytes were made. 
Each type of cell was given a value of ‘^none,'^ “very few,’’ “few,” 
^^several,” “many,” or “very many.” 

INDUCTION OF HEAT AND OVULATION 

All the ewes were given endocrine injections to produce heat oi 
heat and ovulation. Small groups, commonly four, were injected 
at different times during May, June, and July. All the ewes were 
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daily with aproiiod rams to detormine if any were in heat 
(receptive to tlur male). The xininjected individuals at any treatment 
period thus servi'd as controls for the appearance of heat in similar 
but untreatc'd (‘wes. At the end of the period of experimental treat- 
ment, th(‘ ewes were spayed and the ovarian response to the treatment 
was checked at the time of removal of the ovaries. 

ENDOCRINE SUBSTANCES USED 

Ih*ogynon-B (Schering Corporation) is th(‘ benzoic-acid estiT of 
dihydrofollicular hormone. This material was injected subcutane- 
ously, commonly in the shoulder region. The pregnant-mare serum 
us(‘d was prepa-ri'd by acetone precipitation and desiccation.^ Inima- 
ture-rat-ovary assays gave average* weights of 116 mg. (4 rats) and 
126 mg. (4 rats) from injections of 25 and 50 mg., resp(*ctively, 
of the ])reparation. TwcMity-hve mg. were then assimu'd to b(^ equal 
to 1 rat unit. Tlui material w^as inj(>cted subcutaneously as an 
aqueous suspe'iision into th(‘ shoulder and flank regions. 8h(*(*p 
ant(*rior pituitaiy extract was olitained from the zoological laboj-atory 
of the Univ(*rsity of Wisconsin and was prepar(*d from acetone- 

desiccat(*d powd(*r by extracting three times with wat(*r ratio of 

1 gm. of powder to 10 cc. of water. TIh*. aqueous extract was 
precipitat(*d with acedoiK*, recover(*d by centrifuging, and dried wuth 
ac(*tone. Assays made by the zoological laboratory gave average 
ovarian w^eights as follows: 400 inilligram-equivalents of the desic- 
cated gland (12 rats), 115 mg.; 200 milligram-equivalents (12 rats), 
91 mg.; 100 milligrams-equivalents (15 rats), 65 mg.; and 50 milli- 
gram-equivalents (12 rats), 41 mg. 

Table 1. — Residts of injections of endocrine substances upon the production of 

heat and ovulation 


Num- 
ber of 
ewes 

Treatment > 

Ewes 

showing 

heat 

Ewes 

ovulating 

Averag(! 
number of 
ovulations 
in ewes that 
ovulated 

8 

Single injection of 1(H) rat units of jireguant-mart serum . . .. 

0 


1.56 

A 

J(K) rat units of pregnant-mare serum and 1,0(X) rat units of 
Trogynon- B simultaneously. 

1 

2 

1.00 

2 

100 rat units of pr(*gnant-man' serum followed on the 1st. 2d, 
and 3d days by 2 injections of 500 rat units and 1 injection of 

1 ,000 rat units of Trogynon-B . 

1 

2 

1.00 

1 

100 rat units of j)regnant'mare serum followed on the 3d and 
4th days by 2 inje{!tions of l.CKK) rat units of Progynon-B. 

0 

1 

1.00 

1 

100 rat units of pregnant-mare serum followed on the 3d day by 
a single injection of 1,000 rat units of J’rogyiion-B. 

0 

0 

0 

3 

],(K)0 rat units of Progynon-B in single injections . 

2 

0 

0 

3 

2,(XM) rat units of Progynon- B in single injections . - . 

2 

0 

0 

2 

2,000 rat units of Progvnon-B in 3 successive daily injections 
of 50t), 500, and 1,000 rat units. 

1 

0 

0 

4 

2.5 gram-equivalents of sheej) anterior pituitary extract given 
in 4 daily 0.5 gram-equivalent subcutaneous injections, fol- 
lowed by 0.5 gram-efiui valent intravenous injection on the 
6th day. 

0 

4 

6.26 

1 

100 rat units of pregnant-mare serum and 1 gram-equivalent 
sheep anterior pituitary extract simultaneously. 

0 

1 

1.00 

1 

100 rat units of pregnant-maie scrum, 1 gram-<*qui valent sheep 
anterior i)ituitary extract, and 1,000 rat units of Progynon-B 
simultaneously. 

0 

1 

3.00 


» Unless otherwise stated, injections were made subcutaneously. 


•Grateful acknowledgment is made to Dr. W^ 11. MeShan for the preparation of the pregnant-mare 
serum and the sheep anterior pituitary extract, and to Dr. R. K. Meyer for the assay of these materials. 
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RESULTS 

Ovulation was produced in seven of the eight ewes receiving 100 
rat units of pregnant-rnare serum (table 1). Five of the ewt'S had 
single ovluations, one had two ovulations, and another four. The 
time of ovulation could not be definitely ascertained, but in the cases 
of two ewes ovulation had occurred before the spaying operations, 
which were, made on the fourtli day following the injection of pregnant- 
mare serum. None of the eight ewes receiving pregnant-mare serum 
alone showed the behavior of estrus. 

Two of the four ew'es that received pregnant-mare serum and 
Progynon-B, simultaneously, ovulated. Both cases were single ovu- 



3 5 7 9 II 13 
MUCUS 

dD CLEAR THICK 

CiZIIlTHIN HI CHEESY 


|l 3 5 7 9 II 13 
SCALES 

CIDnone 


I 3 5 7 9 II 13 I 3 5 7 9 II 13 
EPITHELIAL CELLS LEUCOCYTES I 
EI3 VERY FEW EZ3FEW 


a several 


I many 


Figure 1. — Vaginal smear records of 15 injected ewes: A, 7 ewes given injections 
of 100 rat units of pregnant-mare serum on tlie second day, followed by ovula- 
tion; 5 ewes given injections of Progynoii-B on the second day, estrus pro- 
duced; C, 3 ewes given injections of Progynon-B on the second day, no estrus 
produced. 


lations and ovulation was not accompanied by heat in either ewe. 
One of the two ewes not ovulating showed signs of heat. 

Three of the four ew'es that received pregnant-mare serum followed 
by Progynon-B ovulated. One of these came into heat 5 days after 
the injection of pregnant-mare scrum (the time relation between heat 
and ovulation is not known). She was given 500 rat units of Progy- 
non-B on the first and second day and 1,000 rat units on the third day 
following the injection of pregnant-mare serum. The fourth ewe 
neither ovulated nor came into heat. 

Five of the eight ewes receiving Progynon-B alone came into heat. 
The length of the estrual period was impossible to determine in some 
cases as the ewes were spayed while still in heat. In the cases of three 
ewes which were spayed after going out of heat, two had estrual 
periods of 1 day and another of 2 days in length. 

All four of the ewes receiving sheep anterior pituitary extract 
ovulated. The number of ovulations per ewe ranged froni 2 to 13- 
None of the ewes showed any signs of estrus. Ovulation occurred 
in the ewe receiving pregnant-mare scrum and sheep anterior pituitary 
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extract and in the one receiving pr(»gnant-inare scrum, sheep anterior 
pituitary extract, and Progynon-B, but iHutluM* ewe came into lieat. 
No (‘vidences of heat wen*, seen in any of tin* (*w(*s at any time* otlier 
than following some endocrine tr(‘atment. 

Vaginal smear records from 15 of tlie ewes are* presenteel in Figure 
1 . Se*ve*n of these* e*we*s ovulated following injections of i)re*gn ant-mare 
serum. The* other e*ight wevre given Pre)gynon-B. Five of the*se came 
inte) heat, while* lhre*e* showed no signs of e*strus. Consiele*rablo 
variation was shown among the ewes, but the same geneial trends are 
inelicate*d in the numbe*r of the* eliffe*re*nt cell types, as we*ll as in tlic 
e*onsistency of the mucus in the thre*e* gre)ups of ewes following the 
injections. 

The most consiste*nt changes are See‘n in the* characte*r of the mucus. 
These changes are most striking in the Progynon-B-treated ewes. 
The* smears of these e*we*s became ^ ^cheesy” on the second to thirel day 
after the* inje'ction. The* smear of the ovulating ewes te*nded to follow 
the* same t rend, as indicateel by an increase in thickness after injections 
of pre*gna.nt-mare se*rum. 

Changes in number e)f ^^scales^^ anei epithelial cells ap]>earing in 
the* sme*ars of the e‘we*s following inje‘ctie)ns again show much indivielual 
variatie)!) within treatment gj*oups and little, if any, diH'erence be- 
twe*e*n gre)U])s. Tre*nels again are inelicated anel an ine*re*ase*el number 
of both ce*ll type*s we*re^ cemime)nly founel folle)wing the^ injections in 
all thre*e* groups. Leucocytes did ne)t appe*ar with sufficie*nt re*gularity 
in the* smeaj’s of the*. thre*ei groups to de*scribe* any ge*ne*ral tre'iiel in their 
number following inje*ctions of either pj*e*gn ant-mare* serum or Progy- 
non-B. 

DISCUSSION 

Pregnant-mare* serum, given in single subcutaneous injections of 
100 rat units, produced ovulation ratlie*r uniformly in the anestrual 
(*wes, but there were no signs of heat accompanying ovulation. It 
would, therefore*, be necessary to force-mate or ai tificially inseminate 
such ewes at about the time of expe*cted ovulation in order te) have 
fertilization. (This is assuming that the ova are potentially fertile*.) 
The situation is some*what analogous to the “epiie^t^^ ovulatie)ns re*.- 
ported by Roux (9), wdio found ovulation without estrus occurring 
in Merino ewes during the anestrous period and particularly at the 
be*ginning and end of the bre^eding season. 

The smallness of the dosage apparently does not explain the failure 
of these ewes te) come into heat. Cole and Miller {2), {3) and McKemzie 
and Terrill {6) have given pregnant-mare serum at a leve*! seve^ral 
times as high as that necessary to produce ovulation without causing 
the ewes to come into heat. Cole and Miller {3), however, have found 
that doses of 100 rat units spaced at 17-day int(‘rva.ls will produce 
both heat and ovulation. The latter i)rocedure was not tried in this 
study. 

The results from injections of anterior pituitary extract are similar 
to those obtained from the use of the pregnant-mare scrum. All of 
the pituitary-treated ewes ovulated without a sign of estrus. Total 
doses given* were 2.5 gm. (100 rat units) of pregnant-mare serum in 
single subcutaneous injections and 2.5 gram-equivalents of anterior 
pituitary powder in four daily subcutaneous injections of 0.5 gram- 
equivalent followed by an intravenous injection of the same amount. 



624 


Journal of Agricultural Research voi. 02, No. lo 


Assay comparisons of sheep pituitary extract and of pr(‘gnant-inare 
serum may not be warranted because of the different nature of the 
assay curves for the two preparations. The ovarian weights, how- 
ever, for the rats rc^ceiving 25 mg. of pregnant-mare serum were ap- 
proximately equal to those for rats rec.eiving 50 mg.-equivalents of 
anterior pituitary, and if this be acccipted for comparison, tlic sheep 
treated with pregnant-marc serum received approximately twice as 
many rat units of hormone as those receiving pituitary. In spite of 
the gr(>ater poten(\y of the pregnant-mare serum indicated by these 
assays, pituitary extract administered in total dos(‘s similar to the 
total doses of the serum gave a much liigher ovulation rate. It is 
possible that dividing the total dose of pituitary extract into four 
subcutaneous and one intravenous injection may have been ri^sponsible 
for the increased ovulation rate. It is also possible tbat the ewe gives 
a greater response*, per rat unit , to pituitary extract than to pregnant- 
marc serum. As the two inateu-ials were not injected in a similar 
manner, the corr(‘ctness of these assumptions cannot be check(*d. 
Similar results have l)eeM obtained by C^asida (fa), however, w^h(*n the 
two hormone preparations were injected alike into cattle. 

If a small amount of estrogen is resi)onsible for the failure of the 
ovulating ewe to come into heat, it would seem reasonable to expect 
that supplemental (*strogt*-nic inj(*(‘tions would be of valin*. Ilow^ever, 
as has been previously reportcid by Cole and Miller (3), (‘ombinations 
of both pregnant-mare scrum and estrogens are usually not successful 
in producing both heat and ovulation. Although tlie number of ewes 
given this type of treatment in ihc present study is small, the results 
also indicate the difficnlty in producing both heat and ovulation with 
prcgnant-marci serum and Ih’ogynon-B. 

The production of heat in the anestrual ewes by the use of Progynon- 
B was not uniformly successful in this study. The number of 
ewes treated was small, and therci is little to indicate whether the 
higher or lower doses were more successfid in producing estrus. These 
results arc not surjnising in view^ of the results of McKenzie and 
Terrill (6), wdio reported producing estrus in only 44 percent of 52 
ew^es given single injections of 800 rat units of Progynon-B. 

The changes in the vaginal smear during artificially induced estrus or 
ovulation are in general similar to those described at natural estrus. 
No marked difference was shown betwu>en the smears of ewes which 
ovulated without showing signs of estrus and those of ewes which came 
into heat but did not ovulate. It would be impossible with the tech- 
nique used in this study to determine by means of the vaginal smear 
whether ewes showing signs of heat had ovulated or not. It would 
appear that the changes in the vaginal smear are produced primarily 
by estrogenic substances and influenced little, if at all, by the hormone 
of the corpus lutcum. 

SUMMARY AND CONCLUSIONS 

Thirty ewes were included in this study. Injections of pregnant- 
mare serum, sheep anterior pituitary extract, and Progynon-B, singly 
or in combination, were given to all of these ewes. Occurrence of heat 
was checked by the use of “teaser” rams and the ovarian stimulation 
was noted at the time of spaying. 
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Ovulation without li(>at was produced regularly by the use of either 
pregnant-inare serum or anterior pituitary (‘xtract. The numb(‘r of 
ovulations per ewe was near normal in th(i ewes given pregnant-mare 
serum, but ranged from 2 to 13 in ewes given slu'ep anterior pituitary 
powd(u*. 

Progynon-B prodiK‘ed heat in five out of eiglit treated ewes. 
Combinations of ])regnant-mare serum and Progynon-B were gen- 
erally unsuccessful in producing l)oth lu'.at and ovulation. 

Vaginal smear records indi(Mited no diUVrencc betw(^en the smears of 
ewes in whi(*h ovulation was induced without heat and the smears of 
ewes in which estrus was induced without ovulation. 
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THE CHEMICAL COMPOSITION OF FOREST FRUITS AND 
NUTS FROM PENNSYLVANIA ‘ 

By Walter W. Wainio, instructor in animal nutrition, and E. B. Forbes, director. 

Institute of Animal Nutrition, Pennsylvania Agricultural Experiment Station 

INTRODUCTION 

In the intcTest of wildlife conservation it is important to know the 
nutritive values of the food products of the forest, especially those 
which are available for the building up of nutritive reserv(^s during 
the fall, to (;arry the wildlife over the critical winter period. Onl 3 ^ 
after the various mast and browse foods have IxMai (waluatc'd is it 
possibh^, by proper forc'st management, to (‘iicourage the growth of 
the more d(‘sirabl(‘ six'cies. Tht>s(^ are not necessarily the most 
nutritious oiu's, howtnM'r, but rather are those which combine avail- 
ability, productivity, nutritive value, and a eapacity to resist (h*cay. 
Upon this knowl(‘dg(% and that of tlu^ food habits of tlu^ animals of 
th(' forest, wildlife* ma-nagement must to a large* (*xtcnt depend. 

This paper seu'ks to rej)resent, by m(*ans of chemical analysis, the 
nutritive value of 35 mast products from central Pennsylvania. 

Jn making this study it was recognized that the possibilities of 
r(*i)r(*senting food valu(*s by chemical analysis are limited, and that 
the* most significant information on the subject can be had only as a 
result of the use of the* food ])roducts by animals. The mast foods 
are^ so diverse in charact(*r, however, some being concentrat(>d foods 
capabh* of furnishing large parts of animals’ diets, while many more 
contain little nutriment, and normally s(*iwe only as minor comj)on(*nts 
of highly complex diets, that the only practicable m(*thod of conducting 
a g(*n(*ral survey of tin* subject was by chemical analysis. 

METHODS 

Beginning with tin* conv(*ntional feed analysis in terms of moisture, - 
total nitrog(‘n, (^ther extract, crude fiber, ash, and 7iitrogt*n-fr(a* 
extract, additional determinations of tannin, cellulosi*, lignin, avail- 
able nitrog(*n, cal(*ium, magru'sium, and phosphorus were made.- 
Record was mad(* (table* 1) of the date and the approximate location 
of collection when this latter information was available. Threes of 
the samples, namely, the nuts of the Italian chestnut, shellbark 
hickoiy, and hazel, were purcluised in the market. The Italian 
chestnut was included with the idea that the analysis of this product 
might s(*rv(^ ai)proximat(*ly to represent tln^ American chestnut if and 
when it shall again attain a significant promin(*nce as a mast food. 

J for publication November 22, 1940. Paper No. 2.1 from the Pcuinsylvania (\»operutive 

life Uesearch Unit; the Pennsylvania State College and the Pennsylvania Oame Commission, cooperating 
with the U. S. Fish and Wildlife Serviw. Authorized for publication as paper No. KKW in the Journal 
Series of the J*ennsylvania .Agricultural Experiment Station. 

5 The materials analyzed were collected by L. J. Beimett, P. F. English, T. Kuhn, and U. McCain. 
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Table 1. — N^ame, date of collection^ sourcij and portion analyzed of the fruit and 

nut products examined 


FRUITS 


(’’ornnion name > 

Scientific name * 

Date collected 

Source in 
Pennsylvania 

Portion 

analyzed 

Apple, crab 

AJnluHCoronaria, ... 

Sept. 29, 1938 

Huntingdon (.'ounty 

Whole fruit. 

Bittersweet 

Solanum dulcamara . 

Oct. 13,1938 

Centre County 

Fruit, without 
calix. 

Blackberry. - 

Hubus occidentalia 

Aug. 2.1939 

do 

Whole berries. 

Blackberry, Bailey’s 

Uubus baiUyanm 

Aug. 1, 1939 

do_ : 

Do. 

Black haw... 

Viburnum prunifolium.^ 

Sept. 29, 1938 

-do 

Whole berries. 

Blueberry ...... . 

Vaccinium up 

Aug. 

1, 1939 

do 

Whole berri(‘S. 

Cherry, wihl.. .. 

Prunus virginiana 

Sept. 29, 1938 

do 

Whole fruit (1) 
and seeds (2). 

Ch()ketH>rry, black. . . 

mein nocar pa 

July 31.1939 

do- 

Whole berries. 

Chokeberry, red 

Aronia nrbntifolio 

Oct. 18,1939 

do - 

Do, 

CueumlHTtree. 

Magnolia acurnimta . . . , 

Sept. 23, 1938 

Warren County 

Whole fruit, 
thn‘e-fourths 
ripe. 

l.)oerlK‘rry 

Ac.cinium stamineum 

Aug. 29, 1939 

Centre County 

Whole fruit, 
unripe. 

Dogwood, panicled 

* Cornus femina 

Oet. 13.1938 

do 

Whole b{‘rri('s. 

Dogwood, red-osi(!r 

Cor HUS stolonifera 

Sept. 

25,1939 

do 

Whole berries, 
half ripe. 

Elder, American 

Snmbucus canadensis 

Sc'pt. 26, 1939 

do„-- . -- 

Whole berries. 

Gram', frost-. - 

VUis cordiofolki 

Oct. 13,1938 

Huntingdon ("ounty 

Whole fruit. 

Hack berry 

(.Wis Occident alis. 

Nov. 

2. 1939 

Centre County 

Whole bisrrios. 

Hawthorn, coekspur 

Crataegus crus-galli . 

Oct. 13.1938 

do.. 

1 Whole fruit. 

Juneberry 

A melnnchier canadensis 

July 7. 1939 

do - 

Wholly berries. 

M ountain-ash, Anmri- 

Sorbus a merica na.. 

Sept. 29 1938 

Uuntlngdou County 

1)0. 

can . 

Mountain-holly 

Nemopa nthus mucronata . 

Aug. 10, 1939 

Centre County 

Do. 

Nannyborry 

Viburnum leniago _ . 

Sept. 25, 1939 

- do 

Wliole lH*rries, 
nearly ripe. 

Spicebush . . 

Benzoin, aestivale 

Sept. 29. 1938 

Huntingdon County 

Fleshy part(l), 
and seeds (2). 

Sumac, smooth upland 

Rhus glabra 

wSept. 29. 1938 

(Centre County 

Whole berries. 

Sumac, staghorn 
Winterberry, Virginia. .. 

Rhus hirUi 

Oct. 18,1939 

do j 

Do. 

Ilex verticillata ... 

Oct. 17,1939 

do. 

Do. 


NUTS 


Buckeye, fetid 

Aesculus glabra 

Sept. 25, 1939 

Centre County 

Kernels. 

Chestnut, Italian 

Caste nea rulguris , .. 


Open market 

Do. 

Hazelnut 

Corylus americana . 

Sept. 3/1938 

Centre ("ountv 

Do. 

Hickory, shell-bark . . . 

Ilicoria ovata .. 


Op«»n market 

Do. 

Oak, red . - - 

Oiiercus rubra 

Oct. 20,1938 

Warren County . . 

Kernels, witli 





integument. 

Oak, rock chestnut 

Ouercus prinus 

Oct. 7. 1938 

Huntingdon County 

Do. 

Oak, scrub 

Ouercus ilicifolia 

Sept. 29. 1938 

do. 

Do. 

Oak, scrub chestnut 

roller cus prin aides 

Sept. 25, 1939 

Centre County 

Do. 

Oak, white 

Ouercus alba ___ 

Oct. 13.1938 

. -do 

Do. 

Walnut, black. 

Juylans nigra 

— 

Open market 

Kernels. 


I Authority: Britton, Nathaniel Lord, and Brown, Addison, an illustrated flora of the north- 
eastern UNITED states, CANADA AND THE I'RITISll POSSESSIONS, FROM NEWFOUNDLAND TO THE PARALLEL 
OF THE SOUTHERN POUNDARY OF VIRGINIA AND FROM THE ATLANTIC OCEAN WESTWARD TO THE 102d MERID- 
IAN, Ed. 2, rev. and enl,, 3 v., illus. 1936. IN. Y. Bot. Gard.] 

As the materials were received they were either immediately pre- 
pared for analysis or were stored for a limited time in sealed containers 
in refrigerating rooms. The fruits and berries were stored at approxi- 
mately 40° F. and the nuts at temperatures below freezing. 

In preparation for preliminaiy diying the fleshy fruits were sliced, 
and the nut kernels were cut into small pieces. The former were then 
dried in an air oven at approximately 50° C., and the latter in a 
vacuum oven at room temperature with reduced air pressure. 



May 15, 1941 Chemical (Composition of Forest Fruits and N^uts 629 


In tho case of the wild clierry, separate analyses W(‘re made of the 
whole berries and of the seeds; and in the case of spicebush berries 
s(>parat(‘ analyses were made of the outer fleshy integuiiK'iit and tlie 
seeds. The figures for the pulp and skin of the wild eJuirry, and for 
the whole spicebush berry, were calculated from the parts analyzed. 

The oven-dry matc^rials were transferrc'd to a screem^d e.abhu't in 
which th('y w(Te all()W(‘d to come to equilibrium with the moisture of 
th(^ air. AftcT 7 to 10 days they were weighed, and the loss of moisture 
from the fresh to the air-dry state was recorded. 

The air-dry samples w(*re ground in a meat chopper, and then 
extracted for 48 hours, tlu^ oily products (nuts, spicebush berry, etc.) 
with ether, and the sugary substances (blueberry, blackberry, etc.) 
with 95-percent ethyl alcohol. The air-dry residiu^s wer(‘ then gi-ound 
in a micro Wih^y mill, to pass a 20-m(‘sh sieve, after which they were 
recombined, quantitatively, with theur re‘speH*.tive> e^xtracts. 

Th(> recombineel mateu-ials were^ again drieel in the‘ air oveui to reunove 
the solvent, and weue' theui rubbeMl through a 20-mesh sie‘ve‘. Finally 
they were plac.enl in the^ screnaHHl ca,bine‘t, and allowed once' more> to 
coiner into e‘(pjiiibrium with the moisture of the air; and after 7 to 10 
days were be)ttleel anel se*aleHl in re*adine^ss for analysis. 

The nu'thods e)f the^ Association of Official Agricultural Oheunists 
(1) were follower! in the* d extermination of moisture, total nitroge'n, 
ether e^xtract, cruder fibe'r, te)tal ash, nitrogexn-fre*e extract, tannin, 
calcium, magne*sium, anel phe)sj)horus. 

In det(xrmining moisture the sarnplexs we^re drie‘d for 21 days in 
vacuum dexsi(‘cators, without liexat, in the^ prexse^nce of sulfuric aciel. 
Thex samplexs thus driexel wexre^ usenl in the dete‘rmination of ethexr extract. 

In exmploying the Kjexlelahl-Gunning-Arnedel rnetliod for total 
nitrogen, 4-percent be)ric aeriel was used as the receiving liquid, as 
proposeel by Winkler (7). 

Available protein was dextermined by the^ method of Ilorwitt, Cow- 
gill, and Mexndexl (4), but this prexMHlurex was found not to be especially 
well adapted to the routines analysis of mast products bexcause of exces- 
sive frothing during digexstion. 

Lignin was determine*d by the method of Ross and Hill {()) as 
modified first by Crampton and Maynard (^), and lat(xr by Cramj)ton^ 
by the use of Whatman, No. 50, acid-liardeiKMl filt(‘r paper in 
I)lace of bolting cloth, and of pr(‘ignited Ckdite Analytical Filter- A id 
in j)laco of the granulating agent consisting of chloroform and ac(xti(* 
acid. Cellulose was determined by the method of Kirsclmer and 
Ilanak (5) as applied by Oampton and Maynard (2) to fe(xding 
stuffs. 


ANALYTICAL RESULTS 

The results of the chemical analyses of the mast products are given 
in table 2 expressed on the dry basis, and in table 3 on the frixsli basis. 
Comm(uits will be made on the former alone, sin(‘e, from the nutritive 
point of view, the moisture contained in the materials is simply a 
variable diluent. 


* Italic numbers in parentheses refer to Literature Cited, p. 635. 

♦ Unpublished data. 
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The sum of the values for lignin and cellulose was invariably higher 
(124 to 543 percent) than the single figure for crude fiber. This may be 
due to a loss of cellulose during the acid and alkali digestions involved 
in the determination of crude fiber; or the values for lignin and cellu- 
lose may conceivably b(» improperly high as a result of undetermined 
impurities. 

The content of available protein was less than the crude protein 
in all products, indicating the presence of some fat-soluble, nitrate, 
amid(i or ammonia nitrogen. The error of regarding nonprotein 
nitrog(>n as protein nitrogen is of less significance when tlie foods are 
used by ruminants than when tln^y are used by iionrum inants, be- 
caus(^ the former have the capacity to utilize nitrogen from sources 
other than protein — presumably by virtue of the synthetic capacities 
of the bacteria of the rumen. 


Table 2 . — Percentage analyses (dry basis) of Ike fruit and nut products examined 

FlU' ITS, DRY BASIS 


Cornnion name 

Crude pro- 
tein 

Ether ex- 
tract 

Crude fiber 

Total ash 

N-free ex- 
tract 

.Available 

protein 

a 

'5 

Cellulose 

Tannin 

Calcium 

! 

0/ 

bf-S 

1 

.c 

pQ 

PW 

Apple, narrowleafed crab. 

5.56 

6. 19 

16. 95 

3. 16 

68. 14 

4.00 

11.89 

15. 48 

4.71 

0. 02 

0. 09 

0. 17 

Bittersweet 

15. 19 

28. 77 

8. 26 

3.44 

44. 34 

11.88 

8. 98 

10. 22 

1.35 

.27 

.29 

.36 

Blackberry . 

8. 19 

7.58 

21.43 

3. 12 

59. 68 

6. 63 

31.73 

13. 52 

1.72 

. 15 

.14 

.21 

Blackberry. Bailey’s 

6, 75 

6.08 

24. 14 

4.31 

58. 72 

5.50 

28.58 

15. 49 

2. 04 

.12 

. 17 

. 12 

Blackhaw . . 

4. 13 

11.93 

10.28 

2.58 

71. 08 

3. 69 

24. 68 

7. 70 

5. 94 

. 05 

.08 

. 13 

Blueberry... 

4. 19 

3. 80 

9. 67 

1. 44 

80. 90 

2.75 

13. 85 

7. 97 

1.28 

.04 

.07 

.07 

Cherry, wild, whole. . . 

6. 75 

6. 2() 

20.85 

2.84 

63. 30 

5. 75 

18. 65 

12. 92 

.60 

. 16 

.07 

. 16 

Cherry, wild, seeds. 

13. 13 

15. 70 

50. 85 

1.57 

18. 75 

11.25 

38. 29 

26. 28 


.18 

.08 

. 19 

Cherry, wild, pulp and 













skin 

5. 13 

3. 89 

13. 31 

3. 15 

74. 52 

4.31 

13. 70 

9. 81 

.76 

. 16 

.07 

. 16 

Chok cherry, black . . . 

5. (K) 

3. 44 

12.56 

2. 71 

76. 29 

4. 19 

39. 80 

9. 80 

3. 78 

.25 

.12 

. 13 

Chok cherry, red.. 

5. 25 

3. 80 

9.24 

2.52 

79. 19 

4.38 

36. 13 

8. 48 

7. 31 

.22 

.21 

. 13 

Cucumber tree 

7.50 

21.99 

28. 39 

4.90 

37. 22 

6. 19 

16). .56 

19. 84 

2. 60 

.23 

. 14 

. 20 

1 )eerberry. 

3. 75 

5. 45 

11.17 

1.62 

78. 01 

2.50 

11. 46 

8. 57 

1.71 

. 05 

. 05 

. 05 

Dogwood, panicled 

6.88 

26. 73 

25. 76 

3. 36 

37. 27 

5.88 

1 20.62 

11.21 

1.46 

.21 

.09 

1 . 15 

Dogwood, red osier. , . 

6. 94 

12. 02 

26. 42 

3. 40 

51. 22 

5. 56 

27. 12 

12. 01 

1.58 

.27 

.19 

.22 

Elder, American 

11.06 

12.94 

17. 93 

5. 52 

52. 55 

^8. 38 

15.36 

10.54 

2.71 

.13 

.21 

. .36 

Orape, frost 

Ilackberry . 

5. 38 

.87 

13. 43 

2. 75 

77. 57 

4. 19 

14.50 

7. 45 

1.99 

.(M) 

.08 

. 15 

8.25 

4.37 

7. 09 

27. 35 

52. 94 

7. 13 

8. 04 

5. 89 

.82 

12. 42 

. 49 

.22 

Hawthorn, cockspur.. 

2.81 

3.29 

32. Ki 

3. 69 

57.38 

2.56 

20.44 

23. 32 

3.39 

.42 

. 10 

.04 

J uneberry 

8.06 

4. 45 

12.27 

3.70 

71.52 

6.50 

16. 03 

14. 93 

.41 

.34 

.21 

. 19 

Mountain-ash, American. 

5. 44 

4.66 

8.02 

3.10 

78.78 

4.25 

9.57 

6. 87 

4.08 

. 10 

.13 

. 16 

Mountain holly. . 

7. 06 

7.71 

18.45 

2.23 

64. 55 

5.81 

17.27 

14. 49 

. 96 

. 13 

. 13 

.12 

Nanny berry... 

4. 13 

8.88 

7.18 

2.06 

77.75 

3. 63 

32. 32 

6. 69 

1.57 

. 12 

.04 

. 14 

Spicebush, whole. . 

11.94 

50. 73 

5.23 

5. 74 

26. 36 

9. 94 

4. 04 

5.98 

1. 35 


. 13 

.30 

Spicebush, seeds 

18. 19 

66. 21 

7. 45 

2.20 

15. 95 

17.06 

5.21 

4.91 

.58 


.16 

.38 

Spicebush, pulp and skin. 

8. 56 

47.82 

4. 05 

7.62 

31.95 

0.13 

3.41 

6. 64 

1.75 


.11 

.26 

Sumac, smooth upland . _ . 

4. 13 

11.23 

34.90 

2. 45 

47.29 

3. .56 

22. 56 

27.99 

6. 89 

. 16 

.07 

.16 

Sumac, staghorn 

5. 44 

14. 54 

30. 31 

3.01 

46. 70 

4.88 

21. 66 

27. 50 

4.41 

.30 

. 15 

.25 

Winterberry, Virginia ... 

6. 13 

5. 10 

15. 57 

2.62 

70. 58 

5.31 

9. 49 

12. 61 

.68 

. 13 

. 18 

.10 


NUTS, DRY BASIS 


Buckeye, fetid 

12. 63 

6.13 

2. 48 

4. 81 

73. 95 

11.44 

1.42 

3. 21 


0.11 

0.16 

0. 52 

Chestnut, Italian 

6.88 

3. 34 

2.42 

3.05 

84. 31 

5. 69 

.38 

3.69 

6 . io 


.07 

.15 

Hazelnut! .. 

26. 50 

61.40 

2.16 

2. 76 

7. 18 

23.88 

1.22 

3.91 


.29 

.17 

.40 

Hickory, shell bark.. - 

13.31 

74. 36 

1.61 

2.01 

8.81 

12. 13 

.74 

2.63 

.48 

(0 

.16 

.37 

Oak, red,. 

6.56 

20. 81 

3. 10 

2.42 

67.11 

6. 13 

2.99 

4.14 

9. 77 

0) 

.07 

.14 

Oak, rock chestnut 

6.94 

5.06i 

2.62 

2.22 

8:117 

6.25 

2. 50 

3. 531 

10.43 

0) 

. 09| 

.15 

Oak, scrub . .. 

10. 25 

19.99 

3.00 

2.12 

64.64 

9.56 

4.00 

3.76 

11.28 

(') 

. 14 

,19 

Oak, scrub chestnut 

7. a’l 

6.30 

2.42 

1.98 

81.67 

6.88 

6.66 

3.19 

4. 43 

.07 

.08 

.15 

Oak, white 

6. 25 

6.32 

2. 47 

2.64 

82.32 

6.00 

2.64 

3.24 

5.58 

(0 

.10 

.16 

Walnut, black.. 

29.26 

60.23 

1.03 

2.76 

6.73 

27.06 

.87 

2. 01 

.25 

0) 

.27 

.59 
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Table -Percentage analysis of the fruit and nut products examined 
FRUITS, FRESn BASIS 



Moisture 

Crude pro- 
tein 

Ether ex- 
tract 

Crude fiber 

JC 

K 

c5 

’c3 

N-free ex- 
tract 

Available 

protein 

Lignin 

Cellulose 

.s 

a 

c 

C6 

H 

Calcium 

E 

i 

f 

■4 

% 

Phosphorus 

Apple, narrow leaf 
crab 

87.0 

0. 75 

0.80 

2. 20 

0.41 

8.84 

n. 50 

1..55 

2.01 

0. 01 

0.01 

0. 01 

0. 02 

Bittersw'eol 

00, 3 

5. 13 

9. 09 

2. 78 

1. 10 

14.94 

4. (X) 

3.02 

3.44 

.45 

.09 


10 

.12 

Blackberry 

80.9 

J.50 

1.45 

4. 10 

.00 

11.39 

1.25 

0. 00 

2. .58 

.33 

.03 


.03 

.04 

B 1 a c k b e r r y, 
Bailey’s 

79. 0 

1.38 

1.24 

4.93 

.88 

11.97 

1. 13 

5. 84 

3.17 

.42 

. 02 


.04 

.02 

Blackhaw^ 

57.1 

1.75 

5. 12 

4.41 

1.11 

30.51 

1..50 

10. .59 

.3.31 

2. .55 

.02 


.03 

.(M) 

Blueberry .. 

85.3 

.03 

. 50 

1.42 

.21 

11.88 

..50 

2.04 

1.17 

. 19 

.01 


.01 

.01 

C h erry, wild , 
whole, 

04. 6 

2.38 

2. 22 

7.41 

1.01 

22. 48 

2. (XI 

0. 0:1 

4.. 59 

.21 

.00 


.02 

.00 

Cherry, wdld, seeds. 

11,5 

11. 50 

13. 90 

45. 02 

1.39 

10 . 0:1 

9. 94 

33. 90 

22. 38 


.16 


.07 

.17 

Ciherry, wild, pulp 
and .skin... 

75. 0 

1.25 

.95 

3. 25 

.77 

18.18 

1.00 

3. 35 

2. 40 

. 18 

.04 


.02 

.04 

Chokeberry, black. 

75.0 

1.25 

.84 

3.07 

. 00 

18. .58 

1.00 

9. 72 

2. 39 

.92 

.06 


.(Cl 

. 0:1 

Chokeberry, red. .. 

05. 0 

1.81 

1.31 

3. 18 

.87 

27. 23 

1..50 

12. 43 

2. 92 

2.51 

.07 


.07 

.05 

Cucunibertree 

73. (1 

2. (K) 

5. 94 

7. 07 

1.32 

10. 07 

1.09 

4.48 

5. 30 

.70 

.(XI 


.04 

.(M) 

1 )eerberry 

S3. 2 

.03 

.92 

1.88 

.27 

13. 10 

.44 

1. 93 

1.44 

.29 

.01 


.01 

.01 

Dogw'ood, paiiicled 
DoKwood, red -osier. 

57. 0 

2.94 

11.49 

11.07 

1.45 

10.05 

2. .50 

8. 80 

4.82 

. 0.3 

.09 


14 

.07 

08. 4 

2. 19 

3. 79 

8.34 

1.07 

10.21 

1. 75 

8. 50 

3. 79 

. 50 

.09 


00 

.07 

Elder, American. .. 

70.4 

2.03 

3. (Ml 

4.24 

1.30 

12.:i7 

2. 00 

3. 03 

2. 49 

.04 

.03 


05 

.08 

Orape, frost 

Hack berry 

09. 0 

1.03 

.20 

4.08 

.84 

23. .59 

1.25 

4.41 

2.27 

.01 

.02 


. 03 

. 05 

21.4 

0. 50 

3. 43 

5. 57 

21.50 

41.00 

5. 50 

0. 32 

4. 03 

. 04 

9. 76 


.38 

.17 

Hnw’ thorn, cock- 
spur 

02. 0 

1.00 

1.25 

12.48 

1.40 

21.81 

l.(X) 

7.77 

8.80 

1. 29 

.10 


. 01 

.05 

Jiineberry 

80.7 

1. 50 

.86 

2. 37 

.71 

13. 80 

1.25 

3. 10 

2. 88 

.08 

.07 


.04 

.04 

Mountain ash, 
American 

73.7 

1.41 

1.23 

2.11 

.82 

20. 70 

1 

1 1.13 

2. .52 

1.81 

1.07 

.03 


.(W 

.04 

Mountain-holly 

59. 2 

! 2.88 

3.15 

7.53 

.91 

20.:i3 

2. 38 

7.04 

5. 91 

. :i9 

.05 


. 05 

.05 

Nanny berry 

53.8' 1.94 

4. 11 

3. 32 

.95 

35. 88 

1.09! 14.94 

3. 09 

.73 

. 05 


.02 

. 06 

Spi(H}l)U.sh, whole. . 

02. 3 

4. 50 

19. 14 

1.97 

2. 17 

9. 92 

3. 75 

1..52 

2.20 

.51 



. 05 

.11 

Spice bush, seeds 

28.4 

i 13. (X) 

40. 20 

1 5.33 

1. .58 

11.43 

12.25 3.74 

3.51 

.42 




.11 

.27 

Sj)icebush, pulp 
and skin 

77.8! 1.94 

10. 02 

1 

; .90 

1.09 

7.05 

I.:i8 

.7« 

1.45 

.39 



. 03 

.06 

Sumac, smooth 

upland .. 

S.1 

3.81 

10.32 

32.07i 2.25 

43. 45 

.3.251 20.13 

25. 72 

0. 33 

.15 

1 

.00 

.15 

Sumac, stadhorn . . 

8.0 5.(K) 

13.37 

27.87 

2, 77 

42.99 

4. . 50 ; 19.92 

25. 29 

4. 00 

.28 

1 

.14 

.23 

Winter berry, Vir- 
ginia 

08.0 1.91 

1 1 . 00 

4.88 

.82 

1 22. 10 

! 

1.09 1 2.98 

3. 90 

.21 

.04 

I 

i 

.0(5 

.(« 


NUTvS, FRESH BASIS 


Buckeye, fetid 

i 

52.7 

6. 00 

2. (M) 

1.17 

2. 27 

34. 96 

5. 44 

0. 67 

1,.52 

1 

0. 05 

0. 08 

i 0.25 

Chestnul, Italian . 

33. 1 

4.63 

2. 23 

1.62 

2. 04 

56.:38 

81 i 

.25 

2. 47 

0. 13 


. 05 

! . JO 

Hazelnut. , 

2. 0 

25.81 

59. 80 

2. 10 

2. 69 

7.(K) 

2 : 1 . 25 

1.19 

3. 81 


.28 

. 17 

1 .39 

Hickory, shellbark. 

2.2 

13. (K) 

72. 72 

1.48 

1.97 

8.63 

11.88 

.72 

2. 5/ 

.47 

('• 

. 16 

! . 36 

Oak, red.. 

38.2 

4. (X) 

12.87 

1.92 

1..50 

41.45 

3. 81 

1.85 

2. 56 

6. 04 

(<) 

.05 

.08 

Oak, rock chestnut 

50. 1 

3.44 

2. 52 

i.:b 

1.11 

41.52 

3. 13 

1.25 

1.76 

5. 20 

(') 

. 04 

.08 

Oak, scrub 

42. 0 

5. 94 

11.61 

1.74 

1.23 

37. 48 

5. 56 

2. ;v2 

2. 18 

6. 55 

c; 

.08 

. 11 

Oak, .scrub chest- 
nut 

44.2 

4.25 

3. 52 

i.:35 

1. 11 

45. 57 

3.81 

3. 66 

1.78 

2. 47 

.04 

.04 

.(XI 

Oak, white . 

47.3 

3.31 

3. 

i.:io 

1.39 

43. 3 ; 

13 

I.:i9 

1.71 

2. 94 


. 05i 

.08 

Walnut, black 

2.9 

28.38 

58. 48 

1.00 

2. 68 

6.56 

26. 25 

.84 

1.95 

.24 

c; 

.26 

. 6/ 

1 


1 Trace. 


Tho values for iiitrogeii-frec extract are of more indefinite significance 
than usual because they include the questionable tannin fraction, 
which ri^aches a maximum of 11.28 percent in the acorn of tlie scrub 
oak. 

A lignin determination on the cellulose of the blackhaw reveahnl 
that a consi(lerable portion of the lignin had not been removed during 
the acetic acid-nitric acid digestion. The percent of cellulose in the 
moisture-free sample was 7.70, and of this total approximately 16 
percent appeared as lignin. Whether this means that the acid 
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digestion is incomplete, or that th(> lignin value is only an apparent 
oiK^, remains to be determined. 

FRUITS 

Unless otherwise stated, the secnls of fleshy fruits were ground in 
with the remainder. Tliis obviously gives consistent results for the 
products as used by animals whi(‘Ji themselves grind th(' schhIs, but 
yields improperly high results with animals whi(‘h do not grind the 
seeds. 

The fruits are predominantly carbohydrate^, foods; many are high 
in lignin and cellulose, and some arc rich in protein and fat, mainly 
b(‘cause of their seeds. 

The bittersweet beriy consists mainly of thin-walled seeds, with 
a thin covering of flesli of high moisture content. Its very high 
content of protein and ether extract, and relativ(>ly high content of 
mineral nutricaits, constitute it a decidedly concentrated foodstuff. 

The fruits of two species of blackberry, whi(‘h are of much the same 
physical character as the bittersweet berry, appear to be of lower 
nutritive value. The composition, as stated here, rc^presents the 
value of the blackberry to animals that grind the small, hard schhIs 
and thus (ixpose the kernels to dig(^stion. The blackberry contains 
appr(H‘iable quantities of all th(‘ classes of nutricaits determined, but 
is most notable for its high cellulose and lignin contcrit. 

The blueberry, deerb(>rry, and jun (‘berry are mainly carbohydrate 
foods. Aside from their content of nitrog('n-free extract they are of 
moderately low value'. 

The value of the wild chcOTy d('pends largely on wdietlu^r the shells 
are brokem and th(^ k(*rn(‘ts utuizc'd. The pulp and skin are relativ('ly 
poor in proteun and fat, but rich in nitrogen-frex^ (‘xtract, while the 
seeds are moderately rich in protein, decidedly rich in fat, and poor 
in nitrog(xi-fr(X‘ ('x tract. Tin*, pulp and skin are' similar in composition 
to that of the bluebe'rry, the dee^rbcriy, and the' juneberry. 

The berrie's of the mountain-ash and the two (diokebt*rrie‘s contain 
nearly 80 perce'iit of nitrogen-free extract, as well as approximately 
5 pc^rce'jit each of crude prote'in and ether extract and there^fore must 
be rc'garded as decidedly useful winter foods for animals to which they 
are acceptable. Both of the chokeberries contain higli percentages of 
lignin. 

The narrowleaf crab apple also is mainly a carbohydrate' food, 
Ix'ing relativt'ly poor in protein, etlu'r ('xtract, and mineral nutritmts, 
and rich in nitrogeui-frec extract. The high cont(mt of c('llulose, 
lignin, and tannin are more suggestive of bark than of fruit. The 
product, however, appcuxrs to be characterized by a considerable value 
for purposes of maintenance. 

In spite of its high crude-fiber conU'nt the fruit of the cucurnbertree 
appears to be of high nutritive value to those animals that accept it. 
The etlur extract is high, but the demse cellulosic network which 
lends rigidity to the fruit and its aromatic odor may render the fruit 
unacceptable to some animals. 

The deerberry is a low-protein, low-fat, predominantly carbohydrate 
food, with no outstanding nutritive peculiarities. 

The fruits of dogwoods, especially the panicled dogwood, are high 
in ether extract, and they have only a moderate content of protein and 
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mineral niitri(>nts. The crude-fibtT conti'iit is higli, but not so high as 
to prevent these jiroducts from being important winter rc'sen e foods. 

The berry of the AnK'rican elder has a composition that makers it 
nutritionally superior ev(‘n to those of the dogwoods. Its Iowct crud(! 
fiber is assoeiat(*d not, as in many products, with a high contiuit of 
nitrogeii-fre(‘ ('xtract, but with a relatively high cont(‘nt of protein. 
The etlier extract, although not as high as that of tin', panicled dog- 
wood, is still higher than that of the red-osier dogwood. 

The })hysical characteristics and comjiosition of the frost grape 
place it in a edass with the' wild cheuTy pul]) and skin, c'xcept that the 
ether (‘xtract is rcunarkably low. This means that it is maiidy a 
carboJiydratc' food and thcTcdbre of value ])rincij)ally for maintcuiancc^ 
purpose's. As with otlier fruits containing a large })ro])ortion of sc'eds 
to pul]), th(' value of thc^ frost grape ch'pcmds largcdy on the method 
by which th(> animal dis])os('s of the sc'c'd. 

The hackberry is remarkable because of its unusual content of ash, 
and also of calcium, which, on the dry basis, amounts to 12.42 ])er- 
cent. Magnc'siurn also occurs in an amount grc'atc'r than in any otlier 
fruit or berry. The other constituents are present in modc'rate cpian- 
titic'S, with the exce])tion of lignin and cellulose, which arc' rcdatively 
low. Its magnc'siurn content is twice as high as its phosj)horus. 

To those' animals that can avail thc'mselves of tlu' whole fruit (flc'sh 
and sc'ed) thc^ blackhaw is modc'rately nutritious. It is most notable 
for its low ])rotein and high lignin and tannin content. 

Thi^ fruits of the'- mountain -holly, juncdierry, mountain -ash, nanny- 
berry, and wintc'rberry are low-prot(*in, low-fat products with the rela- 
tivc^ly high carbohydrate content usual among fruits. 

The spicc'bush bc'riy, whc'ther whole' or divided betwc'c'ii ])ulj) and 
skin, and sec'd, is unusual in that it contains approximatc'ly 50 pc'rcent 
of (*th('r c'xtrac't. This ('xtract, however, is highly aromatic and may 
rc'uder the* berry unaccc'ptabh^ to some animals. The content of pro- 
tein is above avc'rage, while' the percentage's of crude fiber and nitro- 
gen-free* e'xtract arc decide'dly le)w. This berry, the^refore*, posse'sses 
a de>e'ide'dly high pe)te'ntial nutritive value. 

The* sumac berrie's also are* rich in ether e'xtract, though not nearly 
so rie*h as the berry of the spicebush. Their e'onte'iit of cruele fibe*r is 
high, and the sum of the lignin anei cellulose fractions amounts to 
approximately 50 percent. The nutritive valuer of tlu'se sumacs is 
presumably further lowered by their high ce)ntent of tannin, but a 
positive qualification of sumac be*rries is the fact that they are un- 
usually resistant to decay and tln'refore may serve as important food 
r(>serves, especially during the later winter months, when food is scarce. 

That sumac b(UTies are efficiently utilized, however, cannot be as- 
sumed with confidence, since Errington (3) found that not only sumac 
but also bittersw('et berries, rose hips, dried wild grapc's and sweet- 
clover seed, individually, failed to maintain captive bobwhites. At 
the same time it should be realized that maintenance on a single food 
is a severe test that many useful products cannot satisfy, and that a 
normally efficient diet might readily be made up of a variedy of foods 
no one of which, by itself, is capable of maintaining the animal con- 
suming it. 
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The cockspur hawthorn fruit is a decidedly inferior foodstuff. It 
is deficient in protein and fat, high in crude fiber, and relatively low in 
nitrogen-free extract. Furthermore, the nitrogen-free extract includes 
a considerable proportion of tannin. 

NUTS 

The analyses of all of the nuts represent the kerinds only, the hulls 
being considered as without value. 

Nuts in general are characterized by their concentration, as sources 
of nutriment, but there is much diversity in their content of protein, 
carbohydrate, and fat. The kernels are all low in lignin and cellulose. 

Among the speci(‘s analyzed, the black walnut, the hickory nut, 
and the hazelnut are in a class by themselves as liigh-protein , high- 
fat, and low-carbohydrat('. foods, with the hickory nut containing only 
about half as much protein as the walnut and the hazelnut, but de- 
cidedly more fat. The percentage composition of thes(* three nuts is 
suggestive of that of aiiimal fl(‘sh. 

The chestnut and tlie acorns are relatively low in protedn, crude 
fiber, and phosphorus, but contain substantial amounts of available 
carbohydrate. Throe of tln^ five acorns arc*, also low in fat. 

The nuts analyzed wcu'e all exceedingly low in calcium, the hazel- 
nut being the highest in this constituent, and were also low^ in phos- 
phorus; but among these species the buckeye, hazelnut, hickory nut, 
and black walnut were richc'r in this element than were the chestnut 
and the acorns. The buck(\ye was richest of all in ash. 

The acorns were all higli in tannin content, the red oak, rock 
chestnut oak, and scrub oak being the highest. The nutritive status 
of tannin, for wildlife, remains to be determined. Obviously foods 
which are rich in this constituent are acceptable to many kinds of 
animals, but not to others. 


SUMMARY 

Chemical analyses are presented of 35 mast foods, the conventional 
food analysis being supplemented by determinations of tannin, 
cellulose, lignin, available protein, calcium, magnesium, and phos- 
phorus. 

The sum of the lignin and cellulose fractions was invariably found 
to be higher than the value determined for crude fiber. 

In all products the content of available protein was less than that 
of crude protein. 

The values for nitrogen-free extract of mast foods are of more 
questionable significance than the corresponding values for food- 
stuffs in general because they include the tannin fraction, which 
reached a maximum of 11.28 percent, on the dry basis, in the acorn 
of the scrub oak. 

The fruits and berries are, for the most part, relativt'ly rich in 
nitrogen-free extract and much less rich in protein and ether extract. 
They are of only moderate nutritive value, and serve mainly for energy 
production. The nuts are of greater value, especially because of 
their content of protein and fat. 

In contrast to most fleshy fruits, those of bittersweet, cucumber- 
tree, panicled dogwood, and spicebush are remarkably rich in ether 
extract, and are, therefore, relatively concentrated foods. 
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The hazelnut, hickory nut, and black walnut are very concentrated 
foods, containing mucli ether extract and protein, and very little 
nitrogen-free extract. Among nuts they are relatively rich in phos- 
phorus. Almost all of the nuts analyzetl W(M*e exceedingly low in 
calcium, and they usually contained much more magnesium than 
calcium . 

Chestnuts, buckeyes, and most acorns are oil-poor and are rcJa- 
tively rich in nitrogen-free extract; they are not so rich in protein as 
are the oil-bearing nuts. 

The products richest in tannin were the acorns, chokeberries, 
sumac berries, blackhaw, narrowleafed crab ajiple, and mountain- 
ash berries. 
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DISTRIBUTION BY THE SAP STREAM OF SPORES OF 
THREE FUNGI THAT INDUCE VASCULAR WILT DIS- 
EASES OF ELM* 

By W. M. Banfield 2 

Agent f Division of Forest Pathology, Bureau of Plant Industry, United States 

Department of Agriculture 

INTRODUCTION 

Several factors common to the two native vascular wilt diseases of 
the American elm {VUnuH mnericana L.)i induced respectively by 
Verticilliuw dahliae Kiel), and Dothiorella {Cephalosporium) ulmi 
Verrall and May, and particularly conspicuous in the introduced Dutch 
elm disease, induced by Ceratostornella ubni Buisman, suggest that in 
these diseases the wilt-inducing fungi are distributed within the tree 
chicdly by drifting spores rather than by mycelial growth in the vascular 
elements. Thus, the discontinuous pattern of the discoloration induced 
by these fungi in the infected vascular elements sugg(ists distribution 
by randomly scattered spores rather than by an uninterrupted mycelial 
growth. Histological studies of the Dutch elm disease reported by 
Wolhnweber (38^ 39)^^ Buisman (t9), Tubeuf {36)j Banfiedd and Smith 
(^), and Clinton and McCormick (/7) disclose a fragmentary, discon- 
tinuously distributed, sparse mycelimn in the tracheae of infected 
trees. Conidia have been reported by Wollenwt^beir (39) to be pro- 
duced and randomly scattered in such vessels; conidia and yeastlike 
cells have been reportc^d by Banfield and Smith (4). 

The present investigation was designed to as(*ertain whetlnu* spores 
of the three fungi known to induce vascular wilt diseases of elm are 
distributed by the sap stream and, if they arc so distributed, to show 
the extent of and the approximate time required for such distribution 
at various seasons of the year. 

Ceratostornella ulmi was used mostly, because (1) it produces spores 
in enormous numbers in culture as a result of yeastlike multiplication; 
(2) it can be isolated from infected tissue with less difficulty, owing to 
the more rapid growth it makes from cultured tissue, than Cephalo- 
sporium or Verticillium; and (3) it is more readily isolated and identi- 

1 Received for ])ublicRti<)n Oetvinber 2, 1940. 

2 The writer graU>fullv acknowledges the advict* and encouragement given him during the progress of this 
work by K. Kent B(Aatti'e and J)r. Curtis Mav, of this Division, and the assistant re«*iv(*d from Dr. Richard 
A. Popham, of the Department of Botany, Ohio State University; Dr, Norbert L. Noecker, of the DcApart- 
ment of Botany, University of Notre Dame; the late ,7ohn L. R(*ev(‘s, formerly of the Department of Bac- 
teriology, Purdue University; and Ueriiian Orafman, of the New York State School of Forestry, all formerly 
agents. Bureau of Entomology and Plant Quarantine, U, ,S. Department of Agriculture. The writer also 
w ishes to thank E. G. Rex and J . Middleton, of the New' Jersey Departnumt of Agriculture, and R. P. Ma- 
loney, L. L.Riner, and others, of the Bureau of Entomology and Plant Quarantine, U. S. Department of 
Agricultun? for cooperation and assistance in cn!rtain phases of the field work; and T. W. Graham, of the 
l)Tvisiou of Tobacco Investigations, formerly agent, Division of P'orest Pathology, Bureau of Plant Indus- 
try. U. S. Department of Agriculture, for tw'o photographs (figs. 2, C; 8, ,-1.;. 
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fied by virtue of the coremial fructifications to which it gives rise 
directly on wood or on cultured tissue. 

Preliminary reports of this work have been presented before the 
American Phytopathological Society {2, S, 4), 

REVIEW OF LITERATURE 

Wollenweber {39 ^ pp, 2~3) in 1929 said of CeratostomeUa ulmi in 
the elm: 

Der Pilz lebt hauptsaclilich in den der Wasserbewegung dienenden Gefjissen dcs 
Splintholzcs. Er durchwiichst dieselben jedoch nur sparlich mit seinen Faden. 
Vielrnehr geht er so leichtzur Fniktifikaiion iibcr * ♦ * die hoi hefeartiger 

SprosKung besonders schnell erfolgt, dass er sich mit seinen Konidien vom Saftstrom 
in dcr Pflanze passiv troibon und dadurch ttberallhin im Baume verschleppen lassen 
kann. 

See also Wollenweber and Stapp, 1928 (41, pi. 2, figs. O and P). 

May {22, p. 13) in 1934 reported spores of Ceratostoinella ulmi to 
have been passed through “3 feet of elm branch in a few minutes/^ 
and from the sp(»ed with which the organism moved upward in his 
inoculations (8 inches per day) he too surmised that ^^such rapid 
extension can scarcely be due to simple mycelial growth, but * * ♦ 

is more likely due to the dispersal of free spor(*s in the water-conduct- 
ing vessels.” 

Tubeuf {3(), p. 107) in 1935, though fascinat(‘d by such a singular 
mechanism, search ('d th(‘ literature in vain for proof, and said: 

Ich habe vergeblich in der Literatur den Nachweis dieses enizigartigen Vorganges 
gesucht und kann mir die wasserarincn, vorstopften und leitungsunfahig gevvor- 
denen Tracheen gar nicht zu der ibnen-zugeschriebenen Rolle geignet deriken. 

On March 10, 1930, A. L. Smith ^ demonstrated the pres('nce of 
spores of CeratostomeUa ulmi in drops of water that dripped from the 
base of a 3()-fpot section of th(» bole of an American elm 7 inch(‘S in 
diameter breast high, to the upper end of which he had attached, 70 
minutes earlier, a reservoir of spore suspension of this organism. 

Buisman {10) in 1936 sucked spores of CeratostomeUa, ulmi througli 
stems of various elm speci('s wdth the Melhus ‘‘fluometer” by vacuum 
pressure and air pump. The maximum stem lengtli through which 
she passed the spon^s w^as 88 cm., in Ulmus elliptica; the minimum 
length was 29 cm., in U. foliaceae No. 24, llie resistant variety now 
called Christine Buisman. Two days after injection of spores with a 
hypodermic syringe she recovered the organism from stem tissin* as 
much as 70 c.m. above injection points on seedling trees of U. ameri- 
cana; but from branches that were injected in this manner immediately 
after excision from trees of this species, the maximum distance at 
which she recovered the fungus 2 days after injection was 15 cm. 
She concluded {10) that the water stream in the plant certainly plays 
a role in the spreading of the disease and assumed that the spores were 
carried along by the water stream in the plant. 

Went {37) in 1937, using a similar injection-isolation technique, 
reported recovery of CeratostomeUa ulmi 20 cm. below injection points 
on seedlings of Ulmus americana and U. glabra, and 30 cm. below 
injection points on branches of the less susceptible TJ. pumila, 2 days 
after injection. Records of the length of the stem axes injected are 
not reported by Buisman or Went. 

< Unpublished records in the laboratory of the Division of Forest PatholoRy, Bureau of Plant Industry, 
U. S. Dei)artnient of Agriculture, at Morristown, N. J. 
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Raduloscu (^9, p. 631) ^ who stepped elm branches cut under water 
in spore suspension, said: 

Nach 14 Stunden koiintc diirch Abimpfen auf Agar sowio durch Tnikr()sko])ische 
Uritersijchuiig festgestellt werdt^n, dass die Konidic*n auf eirie Stroeke voii 50 cm 
voii der Schuittflache in den Leitungsbahnen aufgCKtiegiui warcin 

The length of th(‘ branch is not giv(‘n. He hung a similar branch 
upside down, conru'cted the cut end to a reservoir of spore suspension 
by rubber tubing, then cut off the ends of small twigs and h'aves. He 
rej)ort(Hl that (VratostorneUa uhni was cultured from drops of water 
that emergcnl from ctudain cut twigs up to 55 cm. from tin' injection 
suiface, and that. 2 months later (29 ^ p. 633) ''waren im jungsten 
Jahrring di(' fur di(‘ IJIrnenkrankheit k(uinz(‘ichnenden braumui 
Steifen langs dcu* Traclu'en zu sehen.’’ 

Radulescu finally lu^ld the tips of excised and unexcist‘d branches 
undcM* a spore suspension. TIk^ 30 to 35 submergc'd leavt's of the 
branch ti]) were (29 ^ p. 634 ) — 

Ins ctwa zur Hiilfte abgcscbnitton , wodurch die Lcilungsbalincn dor Blattorncrven 
gedffnet, wurdon. * * * 

Nach 10 Stunden wunie flic IJntersuchung vorgeuonimon. Mikroskopisch 
wurdon fast in alien Loitungsbahnen dos letzten .lahrringos Konidion booliaclitet. 
Aussordom wurdon an verschiodonon Stellcn kloine Holzproben auf Agar abgoimpft. 

Positivt' isolations ari' r('corded throughout all ])arts of the' diagram 
of this 2.8-m. branch, ev(*n to the base. Positive isolations were made 
only from the ‘‘juengsten Jahrringe der Trieln* und Blattnerven 
angegelx'n.’^ 

Radulescu also cut und(‘r spore suspcdision heaves on the tips of the 
t(4*minal branclK's of standing trees and held them under this susjxui- 
sion for O days. Isolation st\idi(*s then made revealed the presiuice of 
tlx' organism, according to diagrams presen t('d, to tlx' tips of small 
branclx's at tlx* base of the two tree's studied, resp(*ctively 4 aixl 8 m. 
in height. 

In similar studies on oak aixl birch, Radiih'scu recover<*d the organ- 
ism at 32 and 40 cm. r(*spectively from leaf injection points 7 days 
aft(*r injection, and at 30 cm. from leaf injections on b(*(*ch 17 days 
after inj(*ction. 

MATERIAL AND METHODS 

SjX)res of the three elm wilt-iixlucing fungi (Cfratostonieila nbm, 
Dothiorella. (Cephalosporinm) ulmi, and yerticilliw^^ (lahliae) were 
injected or inoculated into tlic base's or tops of tall Ilmus amencana 
and U. fuha. Michx. tree's at various se'asons of the* ye'ar. The* elistri- 
butie)n of these* fungi was then traced from the pre'sence* of spores in 
sap samples take'U from represe'utative points throughout the injee’t.e'el 
tre'es or fmm the discoloration induceel in the* trae'lx'ae* of the tre'e's. 
Evieh'nce conceMuing the probable speenl of elistribution was obtaineel 
by obse'rvatiem of the* movememt of highly cohered suspe'iisoids anel 
stainexl yeast cells, whie'h were inje'cte>el into similar tre'e's imnxHliate'ly 
after the removal of the bark. 

Only tree's in good vigor, which displayeei no foliar symptoms of 
disease, we^ro used. In view of the eraelication y^rogram, s]x'e*ial e‘,are 
was taken to see that noix'. of the trees use*d e'xperimem tally b('e*ame a 
hazarel for the syu'ead of the disease anel all w^'re* promptly eh'stroyed 
after use. 
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INJECTION PROCEDURE 

Largo voluinos of spore suspension, chi('fly of CeratoHtomella uhni, 
wore injected into the bases or tops of Ulmus americana and IJ.Juhxi 
trees K) to 67 feet liigh, before, during, and after the leafy seasons of 
1936 to 1939, inclusive. The spores were injected through chiscd cuts 
made undc'r tlu^ surface of aqueous suspensions held around the tree 
at the point of inj(»ction by means of cone-frustrum pans (fig. 1 ). The 



Figure ]. — Tree-injection pan (45® cone frustnim 4 inches deep): ah and cd, 
Free ends of pan; e and /, nails fastening ends of pan to stem; ghij^ layer of 
grafting wax (or plastic clay) sealing lower edge of pan; kl, metal straj) fasten- 
ing pan to stem. 

chisel cuts were made to a depth of Ya to inches around tlii' entire 
circumference of the tree at th(5 point of injection. According to 
Huber (21) j the vessels of the outi'rmost ring are the most active in 
conduction. All of these vessels were injected by this procedure. 
The injection cuts were kept covered by spore susiiension throughout 
the duration of the injection. The injection time varied from s(>veial 
minutes to several days. The suspensions used contained b(*tW(‘(*n 
1 million and 5 million spores per cubic centimeter. One hundn'd 
cubic centimeters to 89 liters of suspension was taken up by indi- 
vidual trees in injection j^eriods of 20 to 120 minutes. 

The injection pans used to introduce large quantities of spore sus- 
pension into the trees were 45® cone frustrums, 4 to 6 inches deep, 
ranging from 3 to 20 inches in diameter at their smaller ends (fig. 1). 
Any stem within the diameter range covered could be fitted by the 
series of sizes, each being 1 inch larger than the one preceding it. 
Each pan was cut in one piece from a sheet of 28-gage sheet ii’on. At 
its lower end metal straps (kl) were riveted and soldered to the outer 
face of the pan. The pan was fastened by nailing these straps to the 
stem. The free ends of the pans (ab, cd) when pulled apart permitted 
the pan to be slipped around the stem of standing trees. One end 
(cd) was fastened at its lower edge to the stem by a nail at/; the other 
end overlapped and was pulled tight around the stem and was fastened 
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to the tree by a Jiail at c, to the inner face of the pan at cd by a strip 
of adhesive tape, and at the upper edge of the pan {ac) by a C-type 
screw clamp. This type of pan and injection procedure were used by 
Shevyrev (31). A less satisfactoiy type of pan, used in the early 
part of this work, was suspended by wires from nails and had a flexibh^ 
rubberized cloth cemented to its base. The cloth was bound at its 
base to the stem by adhesive tape (fig. 2, A and B). 

The pans were sealed to the trec^ and disinfected by th(‘ alcohol- 
flame procedure prior to each injection. The outer bark at the 
injection point was shaved smooth to facilitate sealing. Tlu^ crevices 
usualty present at the lower end of the jian, because of uneven curva- 
ture of the stem, were seah'd with a layer of grafting wax or plastic 
clay (fig. 1, ghij). The lattcT was by far the more satisfactory. So 
sealed, the inner fac(‘ of the pan and that portion of the stem from 
which the outer bark had been removed were flamed with alcohol. 
This provided adequate disinfection of surfaces with which the pure- 
cultiire spore suspension subsequently came in contact. 

Spores suspended in a few drops of sterile water were injected 
through, cuts made at the toj)s or bases of similar trees with a 1-inch 
chisel. The cuts were made deep enough to insure penetration of the 
outer ring of vessels. Drops of spore suspension were placed on the 
injecting chisel in such a manner as to come in contact with the severed 
vessels as the chisel was withdrawn. Additional drops of spore 
suspension were added until the cuts had absorbed one-]).alf of a cubic 
centimeter of the suspension, or during the dormant season, until the 
chisel-cut crevices were filled. 

INOCULATION PROCEDUKE 

Similar trees were inoculated. Chisel cuts were made at one or 
several points in the trees to a depth which insured that the outer 
ring of conducting vessels would be severed. Five to ten minutes 
later the cut surfaces were brushed with a camers-hair brush, which 
just previously had been moistened, but not saturated, with spore 
suspension. It was assumed that spores would not be introduced into 
th,e funi^tional vessels by this procedure. Results indicated that none 
were. Spores can be distributed by the sap stream in trees so treated 
only after th,e hyph.ae that arise from the inoculum have penetrated 
into functional vessels and have there released new conidia (4). 

TREATMENT OF TREES AFTER INOCULATION OR INJECTION 

The exjierimeutal trees were felled 15 minutes to several months 
after spores had been introduced into them. Those felled within 3 
weeks after inoculation or injection were immediately defoliated and 
sectioned if spore distribution was to be traced by the discoloration 
procedure. They were cut at roughly one-third, two-thirds, and five- 
sixths of their height. They were th,en left lying in the shade, usually 
on th.e ground where they fell, until the discoloration induced by the 
spores developed. Spore distribution in trees felled 21 or more days 
after injection or inoculation was usually traced immediately by the 
discoloration procedure, and the trees were then destroyed. The 
leaves were not removed from such trees. 

5 During tho dormant season, watc'r was drawm into such cuts so slowiy that it was frequently impracticable 
to stand by until onc-half of a cubic oemtimeter of suspension had bct‘n absorbed. 1 )uring the leafy season, 
one*half of a cubic centimeter w’as usually absorbed within a few seconds from a quarter-inch chisel cut 
on elm. 




Figure 2. — A and B, Injection pans in place at the base and at the top of the 
boles of American elms; C, streaks of discoloration produced on the surface of 
the wood of a diseased elm by invasion of the new ring of vessels by Ceratosto- 
mella ulmi; Dy sections of spore-injected trees in position for displacement of 
sap and spores by water held in watertight collars at top of sections. 
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When spore distribution was to be traced by the sap-displacement 
method, trunk and leader branches were cut into 3- or 4-foot lengths 
and taken directly to the laboratory. The small leafy branches and 
twigs were then lopped off with a knife or a hatcliet. Before cutting, 
the stem surfaces and implements were alcohol-flamed . Immediately 
after cutting, the cut ends were painted with or immersed in a hot 
vaseline-paraffin mixture as protection against the introd uc.tion of 
contaminants. 

METHODS OF TliACING DISTRIBUTION OF SPORES IN THE ELM 
Sap-displacemen'I Propedu he 

The distance to whicli the spores were distributed in the tree was 
traced by the sap-displacement procedure from the presence of the 
injected spores in sap displaced from various parts of the tree. 

Sap was displaced with water by gravity from each 3- or 4-foot 
section of the injected stem. The bark was shaved smootli at the 
uiiper end of each section; the wax was cut from the outer sevcual 
rings of large vessels at this end of the sections; the surfaces were 
flamed ; a sterile metal collar w^as bound with adhesive tape around the 
stem over tlie smoothed bark, and then sealed with grafting wax. 
I^he collar attached in this way formed a reservoir to whi(‘h sterile 
water was added after the log had been suspended vertically (fig. 2, 
D), Before suspending tlie log:s, their lower ends were pointed with an 
axe, then alcohol-flamed. Liquid dripped from the lower ends of 
these logs within a few' minutes; it was caught in sterile flasks and 
later was examined for spores. It was assumed that the w ater w^ould 
w^ash out ma.ny s])ores or would displace such sap and spores as might 
be in the stem section in those vessels through whi(‘h spores had been 
distributed. Usually from 50 cc. to 500 cc. of licpiid, de])ending on 
tlic diameter of stem, was collected in this manner from each stem 
section. 

The sap and water displaced from the stem sections w(‘re then 
imiiKHliately centrifuged, examined for spores, and culturcMl. Tlie 
living cells in the sap samples were concaaitratcHl in a 0.2-(‘C. volume 
of the licpiid by centrifuging. Microscopic observation w’^as inad(^ of 
drops of this concentrate for tin? spoies injected. Spores of Cerato- 
stomella ulmi w^ere readily j*(H*ognized if jiresent in their yeastlike form 
(fig. 3). Ultimate identification of the spores was obtained from the 
character of the mycelial grow th and fructifications to which they gave 
rise when isolated on acidified malt agar. To isolate them each con- 
centrated sap sample was diluted wdth sterile w ater. Each of three 
to five Petri dishes containing sterih'. solitiifi(‘cl agar w^as then flooded 
with 1 cc. of the diluted sap sample. Proper dilution was computed 
from the number of spores counted in the concentrated sap samples. 
Till •ee dilutions weri^ cultured in each case, i. e., t\io dilution consid(‘red 
optimum and that on either side thereof, in a series of dilutions (‘ach 
10 times greater than the one preceding it. The pla tes w^ere examined 
for colonies of the fungus injected after they had incubated a suitable 
time. The number of colonies of the injected fungus that appeared 
in the plates was an index of the number of viable spores of this fun- 
gus contained in the liquid displaced from the stem section in question. 
This in turn was demonstration that the spores injected had been 
distributed to the horizontal level of at least the lower end of this stem 
section. 
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Discoloration Procedure 

Several days to weeks after the injection of the spores of any of these 
fungi into IJlmus ame.ricana or U.julim, either in the spring or in the 
leafy season, the vessels occupied by the injectcMl spores showed con- 
spicuous discoloration (fig. 2, C). The locus of distribution and the 
distance to which the spores had been distributed were then apparent 
from inspection of the vessels. Isolations were made*, from this dis- 
colored tissue at representative points in each tree, in order to confirm 
the association of the injected organism with the discoloration. This 
method also served as a further check when the sap-displacement nndh- 
od was employed, since not all the spores introduced by the injection 
were displaced with the sap. 



Figure 3. — Yeastlike cells found in sap displaced from the vi'ssels of trees injected 
with a spore suspension of Ceratoslomella ulnii and also in sap displaced from 
naturally diseased trees. These spores are typical also of those produced in 
liquid culture by C. ulmi, X 1,550. 

Discoloration develops, during the spring or during the leafy S(»ason, 
in those? functional vesse^ls of American elm to which any om? of these 
organisms has gained access. No exceptions were found during this 
work. This discoloration is of a light reddish-brown to dark-brown 
color. It arises in and centers around such points in the functional 
vessels as become occupied by the fungus. The initial color may be 
of low intensity but can usually be detected within 3 days after such 
occupation. This initial color is usually reddish brown, sometimes a 
faint steel blue. It becomes more intense as time passes. The ulti- 
mate color generally is a conspicuous reddish to intense dark brown. 
The streaks formed (fig. 2, C) by such discolored vessels arc a char- 
acteristic sign of the wilt diseases induced by Ceratostomella ulmi^ 
Dothiorella ulmi, and Verticillium dahlim, respectively. 

The extent of the distribution of the injected spores in the vessels 
was readily determined by inspection for discoloration several days 
to weeks after injection. Distribution was practically limited to the 
ring of large spring vessels produced during the, season of injection. 
This ring lies essentially on the surface of the wood during the early 
weeks of the season, i. e., it is covered by only a thin layer of trans- 
lucent, unlignified new tissue. After the bark had been removed in 
the early part of the season, the vessels of this ring that were occupied 
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by the injected spores appeared as brown streaks, in striking contrast 
to a backgronnd of clear, whitish wood (fig. 2, C). Since the inten- 
sity of tlie dis(*.oIoration induced in the vessels increased up to a cer- 
tain point as time passed, determinations of spore distribution by 
this method wc^re more readily and mor(> ac.(;ura tely made 2 to 4 weeks 
aft('r injection. Invasion of the tissue by organisms that penetratcHl 
through b(‘etle galleries or drying bark areas after some time usually 
induced gi'neraJ tissue discoloration, which obscured the discoloration 
inducc'd in the vessels by the injected fungus. Since this be(;ame 
progri'ssively mori' extensive with time, 5 we(?ks during the leafy 
season was th(‘ maximum period feasible in these experimimts for de- 
velopment of significant discoloration. After inspection for discnlora- 
tion, stem sam})les were taken from representative points for cultural 
t(‘sts, and tlu^ tn^es wi're destroyed. 

when observed in cross section the vessels occupied by the fungi 
appeared as small spots of discoloration in otherwise clear wood. (wSe(‘ 
fig. 7.) The color aftei* a time diffused very slightly into contiguous 
tissue^ (fig. 4, B), From such discolored vessels the injected fungi 
w(u*(' r(iadily isolated. In genei’aJ, with few exceptions, CeratosUmeUa 
nlrni cannot be isolatcHi from nondiscolored vc'ssels and tissues. 

Isolation of the injected organism from the discolored tissue was 
accomplished by placing chips of this tissue on acidified potato-dex- 
trose or malt agar. After 3 to 14 days’ incubation at 24° C., any of 
these fungi could easily be identified by their characteristic conidial 
fructifications and growth. When isolation of Ceratostornella ulrni by 
this technique was difficult becaust^ of contaminants, the wood chips 
were held on moist filter paper incubated at 18° for 3 weeks, at the 
end of which time examination for coremia was made. Representative 
coremia were then streaked over the surface of sterih' nutrient-agar 
plates. Colonies typical of C. ulmi, with characteristic ^‘dog-ear” 
conidial formations, were the final criteria for idcuitification of the 
coremia and of the presenc(‘ of C. ulmi in the tissue cultured. 

DISTRIBUTION OF SPORES IN ELMS INJECTED STUMP HIGH 

SPOKES OF CERATOSTOMELLA ULMI 

Trees In.ie(ted in Spring Before Maturation of New Ring of Large 

Vessels 

Spores of Ceratostornella ulmi, when injected at stump height into 
native elm trees during the spring flowering period or dormant season, 
were distributed only a few inches above the points of injection. 
None were recovered by the sap-displacement method at any distance 
above the injection points. Sap samples were examined and cultured 
from all parts of the bole of these trees. Discoloration was induced 
around C(»rtain small vessels of th(» wood (fig. 4, D) of all growth 
sheaths penetrated by the injection chisel in all trees injected in this 
manner during the spring and leafy season. Color in this system of 
vessels did not extend beyond 18 inches above the injection point in 
any elms at any season in those* injection experim(*nts in which the 
trees were felled within 1 day after injection. C. ulmi was recovered 
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from tlioso discolored areas in early trials at only a few inches above 
the injection point (tables 1). It was recovered in later trials up to 
the limits of the discoloration induced by the spores injected. 

Trees Injected in Early Summer ok Midsummer 

SMALL TREES 

Spores of Ceratostomella ulmi were injected a few inches al)ove the 
ground, that is, at stump height, into the main stem of small native 
elms during the early half of the haify siaison. Tln^sc^ tr(‘es ranged up 
to 20 feet in height. The injections were made by the usual pan and 
chisel-cut [)roce(lure and ranged from 20 to 00 minutes in duration. 
The trees were felled and defoliatc^d imnu'diately after injection. 
Discoloiation induced by the spores extendinl from the injection 
point up the main stcun, and out to within a few feet of tin? (mhIs of 
th(‘ major branches of the crown (fig. 5, 'C). C, vlmi was r(‘covered at 
i-(‘presentativ(^ points u[) to the limits of discoloration in all the tiees 
that were cultured (table 2). No attiunpts were made in these 
(ixpi^riments to recover the spores from these trees by tlu' sap-dis- 
placement method. 

TALL TREES 

vSpores were recovered liy the sap-displacenuait nudhod from the 
tops of tall (‘hn trees 3 hours after injection during trials conducted in 
dune 1930 (table 1). Three trees, 6 to 7 inclu'S in dianudcM* breast 
high, were injected 0 inches above the soil line IxdwecMi 10:30 a. m. 
and 1:30 p. m., June 15, 1930. The weatlu'r was ideal for active 
transpiration in northern New Jersey (t^mpcu’ature, 75^ F.; relative 
humidity, 45 percent; wind, slight). Four and one-lialf gallons of 

EXPLANATORY LEGExND FOR FIOURE 1 

A, Trau.svorse .section of tlie bole of tree IIG, taken 5 feet above the ])oint of 
injection with sterile water. Tyloses occlude all inner rinj?s of larKe vessels. 
The ve.ssels of the outer ring are clear and show no discoloration. Injected 
August 3, 1937; jdiotop-aphed February 10, 1938. X H). 

/?, 8{)ots of typical discoloration induced by Ceratostomella ulmi in tlie new vessel 
ring as seen in a representative transverse section of stein (branch (1, tree 107) 
taken at 56 feet aliove the point of spore injection. Eacli spot involves one to 
several vessels. C. ulmi was isolated from such spots in nearly all trials, but not 
from nondiscolored areas. Tylo.ses have formed sul)se(:juent to the injection and 
occlude practicallv all vessels of the ring. Injected August 9, 1937; j)hotographed 
February 10, 1938. X 5. 

(\ Transverse section of stem taken 35 feet above the ])oint of injection with 
acid fuchsin from a leafy elm chemically girdled February 1937. The relatively 
nondiffusible dye remained confined to ve.s.sels active in sap flow, i. e., certain small 
tracheae of the WT)od in manv outer rings. Photoirranhed 1 hour after injection 
July 16, 1937. X 4. 

by Spots of discoloration induced by'^ Ceratostomella ulmi in the bole of an elm 
injected with spore suspension. Transverse .section taken 6 inches above the 
point of injection. The spots center around certain ve.ssels of the wood in all 
growth sheaths penetrated by the injection cut. No discoloration developed in 
the spring ring vessels severed by the injection cut. Vessels of the new ring had 
not matured. C. ulmi was coiLsistently isolated from the discolored areas; it 
was not isolated elsewhere. The discolored spots did not occur beyond 18 inches 
above or below' the injection point. Injected Mav 7, 1937; photographed 
June 1, 1937. X 1. 
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the spore suspension was taken up by the three trees during the 
3-hour injection period. Fifty to one hundred cubic centimeters of 
liquid was then displaced from the various sections of stem above 
tlie injection points (table 1) for trees 8 and 9. Each sample was 

Table 1. — Distribution of spores of Cerdtostomella ulrni injected^ stump high into 
American elms at various seasons, 1936 



Injection 

date 


Time 

between 

Tree dimensions 

Tree No. 

Seasonal condition of trees 

injection 
and sec- 
tioning 3 

Diameter 
breast high 

Height 3 

l 

Apr. 1 ... 

Flowering 

Days 

3 

Inches 

4 

Feet 

22 

2 

- - do 

.do 

3 

5 

18 

3.... 

May 1 

I^eaf buds unfurling 

3 

5 

20 

4 

-..do 

-- -do - . 

3 

5 

20 

5.... . - .. 

Apr. 10 

Flowering-.... 

28 

3 

18 

6. . 

May 28 . 

Rapid shoot elongation 

2 

7 

35 

7 

...do 

do - 

2 

G.5 

35 

8 ... 

June 15 . 

Active growth 

Hours 

3 

6 

35 

9 

...do. .. - 

- . .do . . . - - 

3 

j 

35 

35 

92 

. - .do 

— - do . - . - - - 

3 

7 

10 -- 

Nov. 11 

Dormant 

1 

y 

35 

11... 

...do... . 

do... . . . 

1 

6 

35 

12 - 

Nov. G. , 

---.do 

3 

7 

35 

13 

Nov. 9. . 

do... 

3 

G 

35 

14.. 

Nov. 12. 

do. . . .. - . 

28 


35 

15. 

Dec. 2 ... 

do_... 

4 

8 

51 

16 

...do 

do 

Days 

10 

7 

4G 






Tree No. 

C. ulmi isolated from sap displaced at indicated distance above 
injection point * 

Upper 
limit 3 of 
vascular 
discfdor- 
ation 

2-5 

5-8 

8-11 

11-14 

17-20 

24-27 

29-32 

L„ 








Inches 

15 

2 


_ 

_ 





IG 

3 

_ 

_ 

_ 





24 

4. 

_ 


_ 





24 

5... 

— 

— 

— 





18 









Feet 

G 



5 


_» 

♦ 


29 

7 - - - 



* 





2G 

8 - 



-f* 






32 

9-. 


, +* 

■ T* 




+• 

30 

92 





32 

Mo... 








(®) 

11 

— 


_ 





(") 

12 








('■') 

13 

_ 


_ 





(®) 

14 

... 







C*) 

15 


_ 






(®) 

IG 




i 





(6) 


Maximum 
distanco 
above in- 
jection 
point at 
which C. 
ulmi was 
isolated 


Inches 


Feet 


Inches 


3 

4 
2 
2 
3 

28 

26 

29 
25 

30 

G 

G 

24 

12 

12 

24 

.12 


1 All vessels of the several outer wood rings were Injected with spore siisr>ension approximately 18 inches 
above soU line. 

» The interval between the beginning of the injection and the timeat w'hich the tree was felled and sectioned 
into 3- or 4-foot lengths. 

3 Measured from the point of injection, 

* + indicates that C. ulmi was isolated; that it was not. 

3 Typical ycastlike spores of C. ulmi were obscrvtHl in the sap samples taken from the injected tree sections 
designated by an asterisk (*). 

« No discoloration developed. 
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Figure 5. — Diagram of spore distribution in American elms: A, Tree injected 
with a spore suspension of Ceratostomella ulmi for 20 minutes at point d; B 
and C, trees injected stump high, By for 2 hours and 20 minutes, C, for 20 
minutes. All trees were felled and defoliated at the close of the injection 
period. Shading indicates vascular discoloration with which C. ulmi w^as 
found associated several weeks after injection. Broken shading indicates 
discontinuous or interrupted streaking of vessels at limits of spore distribution. 
All trees draw'ii to scale 0.5 cm.==l foot. Lower 17 feet of trunk of tree in B 
not showui. 
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then centrifuged, its suspended cells being concentrated in a volume 
of 4 cc. Typical yeastlike colonies of budding spores (fig. 3) were 
observed in every sap sample collected from tree 9 and in the samples 
taken from the lower part of the bole and the top or leader branch 
of tree 8. That most of these cells were spores of Ceratostomella 
ulmi was established by isolation and growth of the spores on acidi- 
fied malt agar. Four hundred and eighty colonics of C. ulmi de- 
veloped from 1 cc. of the concentrated sample of the sap that had 
been displaced from a stem section cut from tree 9 at from 17 to 20 
feet above the injection point. Eighty colonies per cubic centimeter 
developed from sample 24-27, tree 9; 200 per cubic centimeter from 
sample 29-32, tree 9; 3 per cubic centimeter from sample 29-32, 
tree 8; and an indeterminate high number from all othtu*s, except 
sample 17-20, tree 8, in which no (7. ulmi colonies could be detected 
in th(^ mass of contaminating fungi that overran all plates of this 
seri(*s. 


Table 2. — Dui/ribution of spores of Ceratosto7nella ulmi in small American elms 
injected stump high in early summer, 19S8 


Tro(' No. 

Injpftion 

date 

S|X)ro 
susponsion 
injoelod * | 

Troe diinenslon.s 

Maximum 
ht'ight 3 of 
vascajlar 
di.scolora- 
lion 

Maximum 
height 3 at 
which (’. 
vlmi w’a.s 
i.'^olatod 

Diamotor 
broa«t high 

Iloighl* 



Cc. 

Inches 

Feet 

Feet 

Feet 

43... 

Juno 3 

125 

iH 

10. 4 

K. 7 

8. 7 

5 

do.. . 

200 

iH 

11. 1 

0. 3 

0.0 

6 

Juno 10 

130 

1 H 

II.O 

9. 1 

0. 1 

10 

Juno 22 

175 

2H 

13.7 

12. 3 

12. 3 

11 .... . 

do 

1,750 

33'2 

20. 0 

10. 0 

10.0 

12 

July 17 

280 

IH 

11.7 

7.5 

7.4 

13 

..do 

300 

1*2 

11.8 

8.3 

8.3 

14 

..do 

300 

IH 

13.7 

12.2 

12.2 

15^. 

do 

450 

m 

12. 1 

0.0 

0. 6 


‘ The injection iieriod wtus 20 minutes to I hour in all castes. All injections were Tiiade Iwtweiuj the hours 
of 10 a. lu. and H p. m. on cl(?ar days. 

2 Mi’iasured from the point of injection. 

3 Sec figure 5, C. 

< See figure 0, A. 


Confirmation of this rapid \ipward distribution of spores in these 
trees during the 3 hours of the injection was obtained from tin*, dis- 
coloration that subsequently developed in the outermost or new ring 
of large spring vessels. This discoloration was wvll developed within 
10 days after injection and extended as a few strea.ks to 32 and 30 
feet, respectively, in trees 8 and 9, and to 32 feet in tree 92, from which 
the sap was not displaced. Discoloration induced by Ceratostomella 
ulmi was as abundant in the stem sections from which spores were 
taken by the sap-displacement technique as in those not so treated. 
C. ulmi was recovered from chips of discolored tissue taken from these 
trees at 29, 25, and 30 feet, respectively, and cultured on agar. 

The distribution of Ceratostomella ulmi spores in large native elms 
was studied in more detail by the discoloration procedure. Trees 
of different height, diameter, and age were injected at the base of the 
bole by the usual pan and chisel-cut procedure for 20 minutes to 4 
hours. Vascular discoloration developed to within a few fe(*t of the 
tops of most of the trees studied in the early or midseasons of 1937 
and 1938. The trees ranged up to 64.8 feet in height. The discolor^ 
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ation in general exteruled into most of the major branches, into nvimer- 
ous secondary branches, in some instances even into smaller twigs 
throughout the crowns of the trees. There were major branches in 
which no vascular discoloration developed, however. In one tree 
(18 of table 3), the discoloration failed at roughly two-thirds of the 
height of th(^ tre(\ With certain minor exceptions, C. ulmi was found 
associated with tln^ vascular discoloration at all lev('ls above the 
injection points in these trees. On th(‘ oUkt hand, all routine 
attempts to isolate this organism from nondiscolored r(>gions of the 
vascular system 2 to 5 weeks after inj(>ction and felling were nega- 
tive. Hundreds of such attempts were madc^ over a period of 4 
years. The upper limit of spore distribution, as indicateul by the 
dis(*edoration induceMl, is recorded in table 3. No comparable dis- 
ce)loration (fig. 4, A) ele‘ve‘loped in the ve^sseds of two 5()-foe)t tree's 
injerterl with sterile tap water under like conelitions, anel isolatiejiis 
freun the outer vascular rings in these tree's did not yielel any wilt- 
inelucing fungi. 


Tarle 3 . Dialrihution of spates of Ceratostomella ulmi in tall Atnericnn dms 
injected stump hifjh, in early summer to midsummer, 1937-38 




S(*h(^(lul<‘ of oiM‘ratM>n.s 


Tree dim<*nsions 

Maxi* 

Maxi- 






Spore 
susinm- 
sion ill' 



mum 

mum 

No. 

li^jcctioo 

dote 



1 )efoliotioii 

Diam- 


height 3 
of vas- 
cular 
(li.scolor- 

height 2 
at which 
C. vlmi 
was iso- 



Injection 

Felling i 

completed 

jected 

c*ter 

bn^ast 

Height 3 







high 


ution 

lated 


im7 

Clock time 

Clock time 

('lock lime 

Liferx 

Inches 

Feet 

Feet 

Feet 

100 

Aug. 2 

10:50 o.m. 

11:55 a.m. 

12:48 p.m. 

A 

8.5 

38. 0 

41. 5 

:32.2 

101 

do 

2:00 p.in. 

4:00 p.m. 

4:40 p.m. 

11 

9. 0 

14 () 

42. 5 

34.0 

loa 

Aug. 3 

10:40 o.m. 

3 11:50 a.m. 

12:10 p.m. 

14 

8.5 

49. 0 

45. 0 

40. 0 

00 

June 9 

1:12 p.m. 
1:50 p.m. 

3 4:00 p.m. 
3 4:20 p.m. 

l()::io a.m. 

20 

9.0 

50. 0 

48.0 

18.0 

40.0 

70 

..do . . 

11:(K) a.m. 

14 

10. 0 

50. 5 

49.0 

71 

...do . 

2:40 p.m. 

3 3:47 p.m. 

11:40 a.m. 

14 

8.0 

50. 0 

40. 2 

45. 0 

74 . . . 

June 15 

11:05 a m. 

3 12:(X) m. 

1:05 p.m. 

10. 5 

9.0 

50. 0 

17. 7 

47. 0 

95 . . 

July 2 S 

12:40 p.m. 

1:40 p.m. 

j 3:10 p.m. 

20 

9.5 

58. 0 

44. 0 

49. 0 

OS . .. 

JUIK* 7 

2:4S p.m. 

4:40 p.m. 

4:15 p.m. 

20 

10. 0 

00. 0 

57. 5 

.54. 0 

04... 

J Illy 28 

10:40 o.m. 

11:40 a.m. 

12:25 p.m. 

14 

8.0 

fX). 0 

54. 0 

.53. 0 

99 

July 40 

12:40 p.m. 

1:40 p.m. 

2:(M) p.m. 

34 

1 12. 0 

04.0 

50. 0 

i 51.0 

107.-.- 

Aug. 9 

11:40 o.m. 

1:30 p.m. 

4:00 p.m. 

42 

j 12. 5 

04.8 

0.3. 7 

1 03. 7 


ims 









IS . 

June 30 

2:5S p.m. 

5:01 p.m. 

0:25 p.m. 

27 1 

9 

54. 0 

37. 5 

:i7. 0 

19 

do . 

4:00 [).m. 

S:(K) i).in. 

8:30 p.m. 

0 

0 

49. 1 

47.2 

45. 0 

44. 

do . 

9:22 o.m. 

3 11:22 o.m. 

1 12:(KJm. 

8 i 

8 

55. 5 

54,0 ! 

64.0 

44 

do 

9:39 o.in. 

3] 1:45 o.m. 

12:15 p.m. 

14 i 

0 

54, 3 

40.8 

40. 0 

45<... 

. (io . , . 

12:17 p.m. 

3 2:37 p.m. 

4:10 p.m. 

i 11 1 

0 

50. 0 

47.0 1 

40. 5 

40 

do. 

12:50 p.m. 

3 2:45 p.m. 

4:40 p.m. i 

i 12 ; 

i ! 

9 

52. 0 

49.0 1 

49. 0 


' 'TlKi hour at which the inject ion pan was removed and felling oix'rations were begun. 

t Measured from the point of injection. 

'' All trees were sectioned at roughly y.\, '4a. and of their height after f(*lling, exc*ept the.se trees. "J'hese 
W'en> left intact until examination for discoloration w’as made s(iveral weeks after injc'ction. 

4 See fig. T), n. 

The distribution of spores in tree 45, representative of tln^ large- 
tree class, is diagramed in figure 5, B. The heavy shading in trunks 
and branches indicates the presence of more or less continuous streaks 
of discoloration induced by the spores injected in tlit' outer vascular 
ring. In most cases these streaks disappeared in the distal parts of 
the branches. There, isolated points or dashes of color W(*re usually 
found separated by a few millimeters to decimeters along the vertical 
axis of the branch. Such a discoloration pattern in the outer ring of 
large vessels is indicated by broken shaded lines in the diagram. 



652 


Journal of Agricultural Research 


Vol. 62» No. 11 


Representative areas of this discoloration in the outer vascular ring 
of trunk and crown were cultured. Ceratostomella ulmi was consisten tly 
isolated from all such areas, including the isolated spots and dashes 
of color in the vessels at or below the points whoro the discoloration 
disappeared. C. ulmi was not recovered in any section in these 
trees where there was no discoloration in the outer vascular ring. 

Further details as to the extent and locus of spor(> distribution in 
these trees are illustrated by representative tree 107 in figures 6, B; 
7 ; and 8. 

Most of the vessels of the outer ring in one of the arms of this twin- 
leadered tree were discolored at 20, 30, and even 40 feet above the 
injection point (fig. 8, E, (f A). Relatively few vessels were discolored 
in the other arm (fig. 8, R, F), but again there were roughly as 
many vessels discolored in it at 40 as at 20 feet above the injection 
point. The extent of the discoloration in branch G, one of the termi- 
nal branches of cohmder Ti*, A^ is portrayed in the photodiagram (fig. 
0, R). Its base point was 52 feet above the point of injectiorn Dis- 
coloration extended into all of its secondary branches, commonly into 
twigs three-eighths of an inch or less in diameter. Photographs of 
the discoloration induced in the‘ vessels of this branch were^ taken at 
points indicated by letters (fig. 7). The highest point to which dis- 
coloration extended was 63 f(‘et 8 inches above the injection point, 
13 inches below the end of this branch. The branch at this point 
was 3 years old and three-sixteenths of an inch in diameter. Cera- 
tostomella ulmi was isolated at many repres(Mitative points throughout 
the trunk and crown, even to the uppermost limits of th(‘ discoloration 
indicated in figure 6, B. Tree 107, injected at 11:30 a. m., August 9, 
1937, took up 42 liters of spore suspension of approximately 3,000,000 
spores per cubic centimeter within 1 hour. The injection ended at 
12:30 p. m. The tree was felled at 1:30 p. m., and was sectioned at 
20, 40, and approximately 50 feet above the injection point by 2 p. m. 
No discoloration was present at the points sectioned at this time. All 
branches were defoliated by 4 p. m. It was a codominant member of 
a close stand of hardwoods on poorly drained soil. 

UPPER LIMIT OF SPORE DISTRIBUTION 

The distribution of spores that occurred in trees felled in early 
summer or midsummer, within 20 minutes to 24 hours after injection, 
generally terminated above the injection point in the same type of 
growth, regardless of the height of the elms injected (fig. 6) or the 
height at which injection was made (fig. 5). Thus in tree 107, vascu- 
lar discoloration from which Ceratostomella ulmi could be isolated 
generally stopped in the terminal branches a few inches or feet below 
the terminal growth scars formed in the preceding season. This was 
as much as 63.7 feet above the injection point in this 64.8-foot tree. 
The branches at these points were 2 to 10 years old, but generally 3 
years old or more. In diameter they varied considerably, but usually 
they were one-eighth to three-eighths of an inch. The fungus was not 
distributed into all such, to be sure, since some branches, even an 
occasional major branch, developed no vascular discoloration in this 
and other trees. 
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Figure 6. — Photodiagram of spore distribution in representative trees injected 
stump high for 1 iiour with spore suspension of Cerato^tornella tilmi. Shading 
indicates vascular discoloration with which C. vlmi was found associated scjveral 
weeks after injection; broken lines indicate parts of branching structure where 
discoloration was not produced and from w^hich C. vlmi could not be isolated. 
Trees felled and defoliated at close of injection jieriod. Small tree (No. 15) 
shown entire. B, Branch G, from top of 64.8-foot tree 107, excised at 52 feet 
above point of injection, at close of injection period. Photographs of dis- 
coloration induced in vessels, taken at the points indicated by lower-case italic 
letters, are presented in figure 7. For extent of vascular discoloration at points 
below 50 feet in this branch, see figure 8, A, C, and 


327990—41 2 
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Spores injected July 23, 1937, at 41 feet above the ground in 67-foot 
tree 86 of table 7 were distributed throughout that portion of the 
crown supported by the axis injected. The vascular discoloration 
from which the injected fungus could be recovered terminated in the 



Figure 7. — ^Disicoloration induced by injected spores in ring ot ve!»sels of current 
season in branch G, vTee 107, as seen in cross sections taken at points indicated 
by letters as in figure 6, B. 


same kind of growth 2 feet or more from the 1936 terminal growth 
scars. In tree 42 of table 7, injected 41 feet above the stump June 
28, 1938, it extended in certain cases to within a few inches of the 
branch tips. 
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Figure S. - -Discoloration induced by Ceratostumella vlmi in the new ring of 
vessels of tree 107 as seen in representative cross sections taken from the two 
main branches at 20 feet {B, E), 30 feet (C, D), and 40 feet (A, F) above injec- 
tion point. X K. 
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Spores injected into terminal branches 18 to 29 feet above the stump 
in American elms, at points where the diameter of these branches did 
not exceed one-half inch, were distributed to witldii about the same 
minimum distance from the branch ends as they were in injections 
made at the base of the crown or lower. Discoloration ended in 
these terminal branches at or several inches below the terminal growth 
scars formed at the close of the preceding season. The frequency with 
which discoloration extended to such points was higher in these ter- 
minal-branch injections than in injections made at lower levels. 

Vascular discolorations from which Ceratostomella ulmi can be 
isolated, however, in time generally extend into the terminal growth 
produced during the season of injection. Thus, in the type of in- 
jection just described it was commonly present in the current sea- 
son's growth of the branch terminals 5 days after injection. How- 
ever, it generally failed in these branches at about 12 inches from 
the apices of the new growth. Two weeks after injection it still 
failed generally at about the same distance from the apices of the new 
growth. Discoloration at this time, however, did extend in one case 
to the end of such growth in a terminal branch. By the end of the 
season it was commonly found to the limits of growth throughout the 
crowns of trees injected before midsummer, but even then it frequently 
came to an end below the terminus of the growtli produced during the 
season of injection. Although most of the branches and twigs in 
the crowns of such trees were then invaded by the fungus, there were 
notable exceptions wherein even relatively large secondary branches 
were found without discoloration or invasion by the fungus. 

Trees Injected in Late Summer or Early Autumn 

Spores of Ceratostomella ulmi were injected by the usual procedure 
at stump height into elms of different height in the latter part of the 
seasons of 1937 and 1939. In general the distribution of spores in 
these trees was markedly different from that in trees injected in the 
early part of the season. The locus of distribution was the same, 
i. e., typical discoloration developed only in the outer ring of large 
spring vessels, but the distance to which the spores were distributed 
above the injection point was conspicuously limited as compared with 
that in trees injected in the early^ part of the season. Thus, spores of 
(7. ulmi apparently were not distributed to roughly more than one- 
half the height of 10 small trees (less than 25 feet in height) injected 
in the latter half of the 1937 season (table 4), whereas in the 9 small 
trees studied in the early half of the 1938 season (table 2) they rose to 
within an average distance of 2.2 feet of the tips of trees that averaged 
12.9 feet in height. The records of spore distribution in tall trees up 
to 64.8 feet in height display the same trend, but in more striking con- 
trast. The average height of the 18 tall trees injected with spores 
early in the seasons of 1937 and 1938 (table 3) was 52.8 feet; the 
average height of spore distribution was 48.3 feet, judged from vascu- 
lar discoloration induced by the injected spores. The average height 
of spore distribution in 15 large (greater than 26 feet in hei^it) leafy 
trees injected in early autumn in 1937 and 1939 was 12.3 feet; the 
average height of the trees was 38.1 feet. In other words, spores were 
not distributed to more than an average of three-tenths of the height 
of trees injected in late season, whereas they were distributed to more 
than nine-tenths of the height of the trees injected in early season. 
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Table 4. — Distribution of Ceratosiotnella utmi spores in American elms injected 
slump high in late summer and early fail, 1937 and 1939 


Tm^ No. 

Inji'Ctlon 

daft' 

Injt^ctioii 

time 

Si)ore sus- 
jicnsioii 
injected 

Tree dimensions 

Maximum 
height ' of 
vascular 
di.scolora- 
tion 

Maximum 
height ' at 
which C. 
ulmi was 
isolatt'd 

T)iaraet(?r 
breiist high 

Height » 


tm 

Hour ft 

Liters 

Inches 

Feet 

Feet 

Feet 

105 - 

Aug 3 

1 

3.0 

2. 0 

13.5 

6. 5 

4.0 

104 .. 

- do 

1 

1.2 

2.5 

16.0 

4.5 

4. 0 

119, -- 

S('i)f.. Z1 

1 

2.0 

2.0 

15. 0 

6.8 

(*) 

120 

-do . 


1.5 

2.5 

13.0 

6.7 

4.0 

121 

do . 

1 

1.5 

2.0 

14. 0 

7.5 

4.0 

126 

Oct. 8 

1 

1. 5 

2. 0 

15. 0 

7. 5 

6.0 

127.. 

do . . - 

1 

2.5 

3.0 

18.3 

8.0 

7.5 

102 , - 

Aug. 3 

1 

4.0 

4.0 

21.0 

9.0 

8.0 

108 - 

Aug. 11 

1 

8. 0 

3.0 

21.3 

8. 0 

8.0 

117. 

Aug. 23 

1 

3.0 

4.0 

23.0 

21.5 

e) 

128 - ...'I 

Oct. 8 

2 

4.0 

4. 0 

27. 0 

11.0 

11.0 

129 

do 

2 

6.0 

5.0 

32. 0 

i 9.0 

9.0 

12:i - 

Oct. 2 

3 

5.0 

4.0 

39. 0 

10. 0 

9. 0 

124 

do 

2 

6.0 

5.0 ! 

45. 0 

12.0 

1 1,0 

122 

S(‘pt. 24 

2 

40. 0 

10.0 

.57. 0 

29.0 

29 ! 0 

125 

Sept. 30 

2 

89. 0 

20.0 1 

60. 0 

30. 3 

25. 0 


1939 







973 - 

Sept. 28 

2. 0 

3.5 

4.2 

32. 5 

1 12.0 

12.0 

974 

. do... 

! 1.0 

4.0 

4.5 

34.2 

12.0 ! 

12.0 

975 

do - . 

1.8 

4. 6 1 

5.5 1 

37. 1 

7.3 i 

7.3 

976 

Ocf. 5 

! M. 0 

1 5. 0 

4.0 

28. 5 

11.0 

11.0 

977-,- 

-do . 

M.2 

! 7.0 

5.0 

35. 2 

9.8 

5 9. 0 

978 

...do . 

M.2 

2.9 

3.0 ‘ 

28. 6 

8.2 

sg.O 

979 

...do. - . 

<3.7 

7.3 

6.3 1 

39. 7 

8.6 

*8.0 

980 .. 

...do..... 

* 4. 0 

6. 3 

4.0 1 

39.8 

7. 7 

* 7.0 

981 

...do... 

4.0 

4.7 

3.7, 

36. 2 

1 

6.7 

i 6. 0 


• Measured from the iK)int of injection. 

2 No isolations were madt* from this tree. 

3 All attempts lo isolate C. ulmi from the vaseular discoloration re(‘orded fail(‘d. 

* The injection pan was empty when the tree was felled at the end of the i)eriod indicated. The exact 
length of the injection is therefore unknown. 

3 No isolation was attempted at the maximum height to whicli vascailar discoloration extend<^d. 


The number of vessels invaded within a few fe(‘t of the point of 
injeetion in tre(‘s injected in the latt(»r part of the leafy season was 
(essentially the same as in trees injected in early season, that is, prac- 
tically all vessels of the outer ring were invadtul and a solid ring of dis- 
coloration was jiroduced; but, wh(*rcas this more or less comph'te 
ring of discoloration usually continued for many feet above the inj(»c- 
tion point in large tre(‘s injected in early staison (figs. 7 and 8), the 
number of discolorc'd vessels rapidly diniinish('d with increasing dis- 
tan(‘e above the injection point in trees injen^ted in the latter part of 
the season. Thus, in 57-foot tree 122 (table 4), typical of those 
studied in early autumn, there was a solid ring of (liscoloration in- 
volving practically all vessels of the ring at 2 feet abovi' the injection 
point. At 5 feet above the injection point there wtu-e 496 spots of 
discoloration, evenly distribut(Hl through the ring, each spot involving 
1 to S(weral vessels. Ten feet above the injection point there were 
but 97 such spots; at 20 feet, only 5; above 25 feet, only 1. 

There appears to be no definite time at whi(*h this transition occurs. 
The results for spore distribution in trees injected in the early season 
were consistent (tables 1, 2, and 3), as were those for trees inj('cted in 
late season (table 4), but those injected in late July or early August, 
i. e., in midseason, were highly valuable. For convf'nience, the 
results from trees injected in this transitional p(U*iod were tabulated 
either with those from tree's injected in early season or with thos(> 



658 


Journal of Agricultural Research 


Vol. 62, No. 11 


from trees injected in late season, according to their conformation to 
the one group or the other. 

Trees Injected During Dormant Period of Late Autumn or Early Winter 

Spores of Ceratostomella ulmiy when injected stump high into 
American elms after leaf fall in the autumn, could not be recovered at 
more than 24 inches above the point of injection. None were de- 
tected in sap displaced from sections of the injected stem taken at 2 
to 5 feet above the injection point, nor elsewhere throughout these 
trees. No discoloration subsequently developed in the new ring of 
vessels or elsewhere in these injected trees, even though the logs into 
w’hich they were cut were held in the greenhouse at approximately 
60° f'. until March of the following yemr. In every case, however, 
the organism was isolated at from 6 to 24 inches above' the point ol 
injection (table 1) by the following procedure. Se'ctions of stem 6 
inches in length were taken from the injected trees at respectively 
K, 1, 2, and 5 feet above the injection point. Chips to a depth of 
several rings were taken aseptically from the complete circumference 
of these stictions and cultured on potato-dextrose agar. The cultures 
were held at room temperature and were checked for the presc'nce of 
C, ulmi 7 and 21 daj^s later. 

Girdled Trees Injected During Summer 

Spores of Ceratostomslla ulmi, injected several hours by the usual 
pan and chisel-cut procedure into two girdled leafy trees, were not 
distributed more than 16 inches above or below the point of injection. 
The trees had been girdled the preceding February by application of a 
band of copper sulfate around the trunk by a technique described by 
Liming ® in 1987. These trees consequently produced during tlie sea- 
son of injection no new ring of large vessels for a distanci^ of sevi'ral 
feet above or below the girdle. The injection of spores w^as made 
near the upper limits of the girdled zone. The trees were felled at the 
close of the injection period. The several outer growth sheaths of 
stem tissue were generally colored a deep brown by the copper sulfate 
in the region of the chemical girdle. No vascular discoloration was 
induced in these discolored areas of tissue by the injected spores. 
The injected spores, however, induced discoloration in many of the 
small vessels of all the outer rings severed by the chisel cuts that had 
not been discolored by the chemical girdle. This discoloration did not 
extend in these vessels beyond 16 inches. The fungus was recovered 
from the discolored vessels up to the limit of discoloration, i. e., 16 
inches. 

SPORES OF DOTHIORELLA (CEPHALOSPORIUM) ULMI AND VERTICILLIUM DAHLIAE 

Spore suspensions of Dothiorella ulmi and Verticillium dahliae were 
apparently distributed after the manner described for suspensions of 
spores of Ceratostomella ulmi when injected into the bases of trees 
early in June 1936. The injections were made stump high by the 
usual procedure. Several cubic centimeters of concentrated spore 
suspension was introduced into each tree at each of three points around 

• Limino, O. N. the dutch elm disease eradication program— objective, methods, and results. 
U. S. Dept. Agr., Plant Dis. Rptr. Sup. 99: 18-26. 1937. (MimcMJgraphod.] 
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the circumference. The width of the chisel cuts was 1 inch. The 
locus and limits of spore distribution were determined from discolora- 
tion seen after stripping off the bark when the trees were felled 6 or 7 
days later. The discoloration in each instance began at the injection 
points at the base of the trees and extended up the stem as a series of 
continuous streaks for various distances, after which the streaks 
continued in an interrupted pattern — short streaks intercepted by 
progressively greater distances of clear tissue - until all color dis- 
appeared. These fungi did not induce vascular discolorations diffi^r- 
ing sufficiently to be diagnostic. The discoloration induced by C. 
ulmi was of the same general appearance, type, and color for each 
organism, i. e., a red to greenish brown of varying intensity, strictly 
limited to the functional ring of large vessids. It extended to within 
1 to 3 feet from the to])s of the trees inoculated in this manner with 
V. dahliae and C. ulmi, and disappeared at 8 to 11 feet below the toi)s 
of trees injected with I). ulmi (table 5). The organism injected was 
recovered in all instances at the limits of discoloration above the 
injection points and at other representative points in isolations made 
at the time the vascular discoloration was traced. Only from the 
trees inj(‘cted with (!. ulmi w as the injected organism recovered beyond 
the limits of discoloration. Field observations of these diseases had 
suggested, however, that the pathogens involved are distributed down- 
ward as well as upw^ard, by spores rather than by continuous mycelial 
growth. The following experiments were therefore undertaken to 
ascertain whether spores could be distributed downw^ard in elms at 
various seasons. 


Table 5. — Distribution of spores of Verticillium dahliae, Dothiorella ulmi, and 
Ceratostomella xdmi in American elms, injected^ stump high with spore suspensions 
of these fungi, in June 1936 


Tree No. 

Organism injected 

Time be- 
tween in- 
jection and 
examina- 
tion 

Tree dir 

Diameter 
breast high 

nensions 

Height* 

Maximum 
height * of 
vascular 
discolora- 
tion 

Maximum 
height * at 
which 
pathogen 
was isolated 



Days 

Inches 

Feet 

Feet 

Feet 

V6 

U. dahliae 

W 

5 

32 

30 

30 

V7 

do - 

0 

.') 

28 

27 

27 

V8 . 

do 

(> 

4 

23 

21 

21 

1)52 

D. ulmi -- 

7 

(i 

44 

33 

33 

D53 

do 

7 

0 

44 

33 

1 33 

D54 

do 

7 

6 

41) 

32 

32 

CL. - ... 

C. ulmi 

7 

7 

35 

32 

32 

C2.., - 

do .. 

7 

6 

30 

20 

29 

C3 

do . 

7 

b 

31 

29 

30 


> A few drops of sfwre suspension were Injected into these trees by the usual procedure at one to three 
points distributed around the circumference of the trunk at one horizontal level 4 to 18 Inches aliovc the soil 
lino. 

2 Measured from the point of injection. 

DISTRIBUTION OF SPORES OF CERATOSTOMELLA ULMI IN 
TOP-INJECTED ELMS 

INJECTION OF LARGE VOLUMES OF SPORE SUSPENSIONS INTO MAIN STEMS AT 

BASE OF CROWNS 

Large volumes of spore suspensions of Ceratostomella ulmi were 
injected into the main stem of tall polelike elms 13 to 41 feet above the 
stump at various seasons of the year. The spores were injected 
through chisel cuts made under a spore suspension held around the 
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trunk with cone-frustrum pans. All functional vessels in the new- 
growth sheath at the pan level were injected. The stems in most 
cases were then cut off some 6 to 10 inches above the pans immedi- 
ately after the injection was concluded. At varying intervals of 
time the trees were cut down and sectioned. The maximum distri- 
bution of the fungus was then determined by the methods earlier 
described. 

During a 3-day injection period prior to leaf development in the 
spring, the maximum distribution of the fungus below the injection 
point was 2 feet. Spores were not recovered. Discoloration, how- 
ever, developed in the three spore-injected trees. The fungus was 
isolated from this discoloration at 2, 2, and 1 feet, respectively, below 
the injection points (table 6). 

Spores were recovered at greater distances below the injection points 
in donnant trees during late autumn and early winter (table b). 
The maximum time during which the trees under investigation ab- 
sorbed the spore suspension probably did not exceed 12 hours; i. (\, 
the injections were initiated at noon, in the case of trc'es 14, 15, and 16, 
and the pans were kept supplied with spore suspension until twilight, 
after which no further additions of spore suspension were made. 
Wlien the injection was continued for 3 hours or longer, the spores w('re 
consistently r(K?overed at 8 to 1 2 feet Ix'low the injection points. There 
was apparently no furtlu'r distribution of spores in these tr('es with the 
passage of time. Thus, spores were recovered at 8 or 12 fec^t below 
the injection points, on trees 12 and 13, 3 hours after the inception of 
injection. Four or 14 days after the beginning of injection the spores 
apparently had not been distributed any farther and wer(» r('covered 
again only at 8 and 12 feet, respectively, below the injection points. 

No discoloration developed in these tre(‘s during observations made 
between December 2 and January 15, even tliough the stem sections 
were held at about 60° F. in the greenhouse. Confirmation of the 
limits of distribution of the spores was obtained in each instance', 
however, by culturing chips from the complete circuinferre'nce of the' 
stem at various distances below the injection point. 

Ceratostomella ulmi was recovered from the stem at the ground level 
within 2 days after top injections of a spore suspension of the fungus 
into trees during the leafy season, within a few weeks of the time of 
autumn defoliation. The injections were made at 21 to 34 feet above 
the stump (table 6). Injection in most instances was initiated approxi- 
mately at noon. As fast as the spore suspension was consumed during 
the aftmioon, the pans were replenished with additional quantities. 
At twilight the pans were filled for the last time. The spore suspension 
was absorbed, as were also dye solutions (discussed in a later section) 
at the rate of 1 to 2 liters per hour between the hours of noon and 
6 p. m. Spores were not recovered in the early (September) trials. 
Discoloration of the vessels and subsequent recovery of the fungus by 
culture den onstrated, however, that spores had been distributed to 
distances of JO and 19 feet below the point of injection in these trees 
(24 and 20 of table 6). Spores were recovered in subsequent trials. 
They wore observed under the microscope in the displaced sap in a 
number of instances. Twenty-four hours after injection they were 
recovered 13 and 17 feet below injections made at 24 and 25 feet, 
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Table ().■— Distributijn of spores of Ceratostomella ulrni heloiv p inis of injection 
in the tops of American elms, 1936 





Time be- 

Tree dimensions 

Tree No. 

Injection 

date 

Seasonal condition of trees 

tww*n in- 
jection and 
sectioning i 

Diameter 

breast 

high 

Height 3 

17 

May 1 
. do . 

Leaves unfurling . 

Days 

3 

Inches 

4 

Feet 

20 

18 

do 

3 

4 

20 

19--. 

. do - 

do . 

3 

4 

20 

‘.>0 

Sept. 17 
Oct. 5 

Prior to autumn leaf fall . . 

Hours 

17 

I 9 

25 

21.. - 

do 

20 

1 0 

21 

22 

do_- 

do 

24 

7 

25 

23 - - 

Oct. 13 

. do 

24 

S 

24 

24 

Sept. 23 

. do 

42 

9 

29 

2.5 

Oct. 7 

do. . 

40 

7 

2< 

20 

Oct. 13 

do. . 

40 

8 

2.5 

27 . 

Sept. 23 

. - do.- . 

Days 

0 

24 

28 

do 

do.. 

!) 

0 

24 

29... 

Oct. .5 

do 

14 

9 

34 

30 

10. 

Sept. 23 

Nov. 11 

...do.... 

Dormant . 

21 

Hours 

1 

9 

7 

34 

13 

11 

do 

. do 

1 

0 

13 

12 

Nov. 0 

. do - 

3 

7 

13 

13 - 

Nov. 9 

do 

3 

0 

23 

14 . . 

Nov. 12 

. do 

27 

7 

23 

10 

Dec. 2 

do - 

Days 

4 

8 

22 

i 

1 , do,.... 

.... do . - 

14 

7 

24 


, xiimi isolated from sap displacHKl at indicated distance (feet) 
below injection point ^ 


Tri'e No. 







1-3 

4-7 

7-10 

10-13 

13 1 

17 






IS . 


— 




19 .. 



— 

... 


20 


— 

— 


— 

21 -- 


-f 

-f 

— 

— 

22 - 


4- 

-j- 

-f 

4- 

23 . 


+ 


-b 

4- 

24 



— 

„... 

— 

25 


-f* 

-f 

+ * 


20 



+ 

4- 


27 . 






28 






29. 






30 



_ , ' ' 











1-4 

4-8 

8-12 

12-10 

10 

4 - 

_ 

_ 


11 

-f 


— 

— 

12 .. 

-f 

4 - 

4 - 

— 

13... . 

-f 

+ 

— 

— 

14 .. 

4- 

+ 

— 

~ 

15 

4- 

+ 

4 - 

~ 

10 

+ 





Lower 
limit of 
vascular 
discolora* 
tuai 


Feet 


(') 

(^) 

(*) 

C) 

(*) 

C) 

0 ) 


Maximum 

distance. 

be!k)W 
injection 
point at 
which C. 
utmi was 
isolat(Mi 
from dis- 
colored 
vessels 


Feet 


1 

19 

19 
21 
17 
10 
27 
21 

20 
20 
34 
34 


12 

8 

S 

12 

8 


1 The interval between the beginning of the injection and tho time at which the tree was felled and sec- 

2 All vessels of tho several outer rings were injected with spore suspension at the height above the stump 

indicated. The diameters of the .stems at the point of injection ranged from 2 to 6 inches. . 

3 -f- indicates that C. ulmi was Isolated; — , that it was not. l^yiiical yeast Uke spores (“P- ^ 

wore observed in the sap samples taken from the injected tree sections designated by an asterisk ( 

* No discoloration developed. 
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respectively, above the stump; 46 hours after injection they were 
observed and identified at 25 feet below an injection made 27 feet 
above the stump. 

Several weeks after the trees had been cut down, vascular discolora- 
tion was found to be abundant within several feet of the injection 
point; this discoloration became progressively less with increasing 
distance below the injection point; in most instances it finally failed 
as a few scattered streaks or a single one at the limits indicated (table 6) . 
On the stem of tree 25, for example, several hundred streaks (dots in 
the out('r spring vessel ring in transverse sections) were present 13 
feet below the injection point; 54 were present at 20 feet, 33 at 24 feet, 
and 5 at tlu^ stump, or 27 feet below the injection point. Ceratostomella 
ulmi was consistcuitly isolated from all 5 streaks in the stump and 
from streaks at other points from which recovery was attempted in 
this tree. In the stem of tree 22, 20 streaks developed at 17 feet below 
the injection point, 7 at 20 feet, and only 1 at 25 feet below. C. ulrni 
was isolated at all points from which recovery was attempted, except 
at 24 feet. 

Several trees that were top-injected wore not examined or cut down 
until 5 to 21 days after injection. Discoloration was detectcHl in the 
outemiost spring vessels of the stem of tree 28, 5 days after injection. 
It was steel blue in color and of rather low intensity. Within 1 0 feet of 
the injection point it was much more conspicuous by virtue of the 
fact that many vess<Js were discolored. About a month latcu* a final 
examination revealed the usual deep-brown discoloration in the vessels 
through which spores of Ceratostomella ulmi had been distributed. 
Two streaks extended to 20 feet (4 feet above the stump) in tree 28 
(table 6). C. ulmi was recovered from both streaks within an inch of 
their termini. Two typical streaks, one involving four or five vessels, 
extended into the stump 24 feet below the injection point in tree 27. 
( 7 . ulmi was recovered from both at 20 feet, but not at 24 feet, below 
the injection point. Six streaks of discoloration, each embodying oru^ 
to several vessels, were found in the stump 34 feet below the injection 
point in tree 29, which was cut down 2 weeks after injection. C. ulmi 
was recovered from each of the four streaks cultured. Trees cut at 
3 and 4 weeks, respectively, after injection yielded like results (table O'i 

Spores of Ceratostomella ulmi were injected at the top of the bole in 
several small and large trees during the early half of the leafy season. 
The spores were injected by the pan and chisel-cut procedure for 15 
minutes to 1 hour. The tn^es were then felled. The large trees were 
cut into 10- to 20-foot logs; the small ones were not sectioned. All 
were defoliated within 2 hours after felling. The tops of the large 
trees were not cut off until after felling. 

One month after injection, discoloration induced by the spores 
extended in the outer ring of vessels to the stump (fig. 5, A) in all 
trees injected directly with spore suspension (table 7). In trees 1, 
2, and 3, respectively, 39, 5, and 5 vessels of the new ring were dis- 
colored by the spores at the stump, or roughly 7 feet below the injec- 
tion points in the smaller trees. In the 2 tall trees injected directly 
with spore suspension, 15 and 20 of these vessels were discolored at the 
stump, 40 and 41 feet, respectively, below the injection points. Only 
1 streak of discoloration was found at the lower limits of spore distri- 
bution 32 and 32.5 feet, respectively, below the point of injection in 
the 2 tall trees tjiat were injected for 1 hour with sterile water prior to 
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spore injection. Each spot or streak of discoloration in the ring was 
interpreted as originating in 1 vessel. Several vessels may have been 
involved, however. Ceratostomella ulmi was recovered at representa- 
tive points from these discolored vessels in all cases. 

Table 7 . — Dislrihutwn of Ceratostomella ulmi from points at which spore suspen-^ 
sion was injected into elms near the top of the main stem 




Tree dimensions 

1 Schedule of operations 

Liquid absorbed 

Tree No. 

Injection 

date 

Diam- 

eter 

breast 

high 

Height 

Diameter 
at injec- 
tion 
point 

Water 

injected 

Spore sus- 
pension 
injected 

Tree 

felled 

Water 

Sixire 

suspen- 

sion 


im 

Inches 

Feet 

Inches 

Clock time 

Clock time 

Clock time 

JAters 

Liters 

851 . _ . . 

July 23 

.. do 

9 

61.0 

4.5 


2:12 p. m. 
10:50 a. m. 

2:27 p. in. 
11:10 a. m. 


3 

86 

12 

67.0 

5.0 



6 

41.... 

19SS 

June 28 

10 

57.0 

3.3 

\ 

2:25 p. m. 

3:25 p. m. 

4:25 p. m. 

8 

6 

42 

---do.. 

12 

62.2 

3.5 

10:45 a. m. 

11:45 a. m. 

12:45 p. m. 

16 

13 

1 

June 2 

1.6 

13. 5 

1.0 


10:30 a. rn. 

10:.‘>0 a. m. 


.3 

2 2 

— do 

1.2 

12.0 

.6 


10:40 a. m. 

11:00 a. 111. 


.3 

3.... 

...do 

1.3 

12.4 

.7 


11:10 a. m. 

11:30 a. m. 


.3 


Tree No 


86,. 

41-. 
42 - 

1 . 
2*. 
;i„. 


Stem below points of injection 


Total 

length 


FeM 

40.0 


41.0 


38.5 

41.0 


8.0 

6.7 

6.7 


Vt'ssels discolored at di.slances 
iiidieuted (feet) below injection 
point 3 


Pet. 

75 


50 


Pel. 

.50 

No. 

131 

Pet. 

50 

90 

No. 
»39 
3 5 
5 5 


Pet. 

33 


Pet. 


20 


Pet. 

25 

No. 

27 

pa. 

25 

50 


30 


35 


40 


Levels 
below 
injec- 
tion 
point at 
which 
C. ulmi 
was 
iso- 
lated 


Feet 

30,40 


31,41 


24, 32 
20, 25 


6,8 

4,6.7 

4,6.7 


Stem above point of injection 


Total 

length 


Feet 

21.0 


26.0 


18.5 

21.2 


5.5 

5.3 

5.7 


Terminus of discolora- 
tion 


Height 

above 

injec- 

tion 

point 


Feet 

17.0 


20.5 


4.8 

4.5 

4.0 


Stem 

diam- 

eter 


Jnehes 

1 


•Mo 


Mo 
•'*1 0 
•>16 


Stem 
age * 


Years 


Maxi- 
mum 
height 
above 
injection 
I>oint at 
which 
C. ulmi 
was iso- 
lated 


Fed 

17.0 


23. 0 


4.1 

4.0 

4.6 


^ /‘Mfea; all others, U. americana. 

3 See fig. 5. >1. 

3 Estimates of percentage of total vessels discolored in the outer ring are given where actairate determina- 
tion was difTicult as a result of fusion of many sjwts of color into a solid band (fig. 8). Each spot was con- 
sidered as one discolored vessel; actually it usually involved several. , 

* Determined from terminal growth scars. In each case listed the ago of the branch at the point indicated 
was equal to the nuinbi'ir of vessel rings present plus 2. 

3 Number of spots of dicoloration in outer ring at stump or base of tree. 


INJECTION OF A FEW DROPS OF SPORE SUSPENSION INTO TERMINAL BRANCHES 

Relatively small quantities of spores were introduced into the 
vessels of terminal branches in injections made through chisel cuts 
during the dormant season of early spring and in midsummer. The 
injections were made with a }i-inch chisel, 8.6 to 29 feet above the 
stumps, in terminal branches one-half to 1 inch in diameter. Certain 
other trees not recorded in the tables and injected in early spring were 
felled 6 weeks after injection; the distribution of spores was traced at 
once from discolorations that had been induced in the injected vessels 
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by t 0 spores introduced. The trees injected in midsummer were 
felled 1, 5, and 14 days after injection and were immediately defoliated. 
One month later the tret^s were examined and the distribution of spores 
was traced by the discoloration procedure. 

The spores injected in this manner April 1, 1937, into 12 dormant 
trees approximately 40 feet in height did not descend more than 19 
inches m 6 weeks. When the trees were felled May 11, the maximum 
extension of discoloration in the outermost ring of large vessels injected 
was 8 inches above and 19 inches below the injection point. The 
average distribution in these vessels below the injection point was 5.4 
inches; the average distribution above, 1.4 inches. Ceratostomella 
ulmi was isolated from the discolored vessels of the 1936 ring at repre- 
sentative points above and below the injection points. 


Table 8. — Distribution of Ceratostomella ulmi 24 hours after spore injections made 
in chisel cuts July 29 j 1937^ into the terminal branches of American elms 



Tree dinioiision.s 

Injection i>oint 

Stem below injection i)oint 

Tree and 
branch No. 

Diame- 

ter 

Height 

Stem 

diame- 

ter 

Stem 

Total 

Vessels discolored » at indicated distance (feet) 


breast 

ago 

length 









high 




1 

2 

3 

0 

9 

12 

10 


Jnehett 

Feet 

Inch 

l'ear.H 

Feet 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

9-1. - 

3.8 

27.6 


5 

24.0 

10 

12 

9 

5 

0 

2 

1 

13-1 

2.0 

18.6 

H 

5 

1.3.2 

16 

8 

7 

1 

0 



14-1 - 

2.8 

21.8 

i/> 

5 

17.3 

1 

1 

0 

1 





14-2 


6 

17.7 

4 

3 

0 




16 1 

3.3 

20 

it 

6 

14.6 

4 

3 

1 

0 




16 2 



•H 

6 

8.0 

JO 

13 

9 

1 

0 



16-1 

3. 0 

18. 3 

Mn 

iAj 

6 

14.8 

13 

9 

7 

3 

0 



16-2 .. , 

6 

14.8 

6 

2 

4 

6 

1 

6 

2 

' 0 


17-1 - . 

'2.5 

22 

4 

18.0 

2 

0 



17-2 



i'j 

4 

18.0 

8 

8 

8 

6 

2 

1 

■‘6 













stem above injection point 


Trtk) and branch 
No. 

Total 

length 

Vessels discolored i at indicated dis- 
tance (inches) 

Terminus of diseoloration 


12 

18 

24 

36 

48 

Stem 

diameter 

Stem age 

Distance 
from tip 
of branch 


Inches 

No. 

No. 

No. 

No. 

No. 

No. 

Inch 

Years 

Inches 

9-1. 

43 

12 

3 

1 

0 



H 

H 

3 

25 

13-1 - 

64 

19 

11 


6 

1 

0 

2 

3 

28 

14-1 

63 

3 

1 

0 





41 

J4-2 - 

48 

3 

3 

I 2 

1 

0 


y\ 0 

3 

24 

15-1 

00 

13 



5 


1 

2 

22 

16-2 . 

71 


"”8 


2 


1 1 

U 

2 

23 

10-1 - 

41 


6 


1 

" 0 


Vi 

2 

29 

10-2 

41 

3 

1 

j 

0 



H 

3 

23 

17-1 

48 


1 

0 





36 

17-2 

1 42 

13 

8 

2 

■ 2 

0 


\ Vi 

2 

1 28 


I C. ulmi was consistently isolated at representative points from the discolored vessels in practically all 
trials made. 


Spores injected in this manner at 37 points into the branches of 20 
leafy trees 18 to 34 feet in height July 29, 1937, apparently descended 
as much as 16 feet in 24 hours and to the base of some trees in less 
than 5 days. A varying number of the vessels injected by the chisel 
injury were discolored in the 10 treated branches of 6 trees felled 24 
hours after injection (table 8). Vessels not injected by the chisel 
injury were not discolored nor could Ceratostomella ulm% bo isolated 
from them. C, ulmi was isolated with ease from the discolored vessels 
at representative points. The minimum distribution of spores as 
indicated by discoloration in the trees felled 24 hours after injection 
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Discoloration was present to the ground line in 4 of the 5 trees 
felled 5 days after injection. The fungus had gained access by 
this time to many vc'ssels all around the stem, most oi which had not 
been injected. An indetenninable number of vessels were discolored 
1 foot below tlie injection points in 4 of the 12 header branches injected 
in these tree's. The maximum number of vessels discolored at the 
ground level was 35, in tree 19; the maximum distance of spore dis- 
tribution, as indicated by discoloration, was 29 feet, or to the stump, 
in the tallest tree examined at this time, tre'C 6 (table 9). Only two 
vessels were discolored below the injection point in eacli of two leaders 
injected in tree 2. Six feet was the maximum downward distribution 
of discoloration in this 22,5-foot tree injected 18 feet above the stump. 

Two wrecks after injection, discoloration involved practicallv all 
vessels near the injection points in the trees left to stand until this time; 
it was widespread in most branches of the trees and had reached the 
soil level in six of seven trees examined in detail. 
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Discoloration developed slowly in side branches that came off the 
injected axis below the injection point in these trees. Only one of the 
branches that came off the injected axis below the injection point 
developed any discoloration in 30 trees felled and defoliated within a 
few hours or up to 1 day after injection. There was extensive dis- 
coloration in some of the lower side branches in trees felled and de- 
foliated 5 days after injection. Of the branches below the injection 
point, those nearest the injection point developed discoloration first. 
The extent of discoloration in some of these large branches was as 
great as in those above the injection point 5 days after injection. It 
extended only a few feet into many at this time, however. Two 
weeks after injection there were still numerous lower lateral branches 
free from discoloration. 

INJECTION OF SPORE SUSPENSION INTO TERMINAL SHOOT GROWTH OF CURRENT 

SEASON 

Spores of Ceratostomella ulmi were injected into the terminal shoot 
growth of the current season at the top of trees 10 to 15 feet in height. 
The injections were made by excising these shoots 2 to 4 inches from 
their ends after bending them down and submerging the parts in a 
concentrated spore suspension in a pail. The cut ends were held 
under the suspension for 1 hour. The excised tips were discarded. 
The trees were then cut and defoliated and left lying in the shade of 
a dense thicket for a month before inspection for discoloration was 
made. 


Table 10 . — Distribution of Ceratohtomella ulmi below points at which spore sus- 
pension was injected ^ for 1 hour into apical stem growth of the current season 



Maximum distribu- 
tion of spore.s below 
injection point de- 
termined by— 

Terminal st.em growth 
of the current season 

True No. 

Vascular 
discolora- 
tion in- 
duced 

1 

1 

T.solation 
of C. ulmi * 

Total 
length re- 
maining 
after injec- 
tion 

Length 
not in- 
vaded 


Inches 

Inches 

Inches 

Inches 

1 

.3.5 

3.5 

12.0 

8.5 

51.. - ' 2 

6.0 

6.0 

12.5 

6.5 

3 

0 ! 

0 

4.0 

4.0 

1 

6.0 

6.0 

17.0 

15. 0 


5.0 

3.0 

18.0 

13.0 

3 

3.0 

3.0 

19.0 

16.0 

4 

6.0 

6.0 

10.0 

13. 0 

1 

3.0 

3.0 

20.0 

17.0 

2 

3.0 

3.0 

19.0 

16.0 

63.._ 3 

6.0 

6.0 

22.0 

16.0 

4 

3.0 

3.0 

19.0 

16. 0 

5 

3.0 

3.0 

21.0 

18. 0 

1 

4.5 

3 3.0 

8.0 

3.5 

54 2 

6.0 

5.3 

18.0 

12.7 

3 

2.0 

2.0 

13. 5 

11.5 

4 

2,0 

.5 

14.5 

12. 5 

1 

2.5 

2.5 

6.0 

3.5 


6.0 

4.0 

i 17.0 

11.0 

3 

5.0 

1.5 

17.6 

12.5 

4 

4.0 

3.0 

14.8 

10.8 


i American elms injected Aug. 22, 1938, by excision under a suspension of C. ulmi spores. The point at 
which the stems were cut was 2 to 4 inches from their ends. 

* 3 weeks after injection every inch of stem bearing vascular discoloration was cultured in trees 51, 62, and 
53. The injected shoots were also cultured at 6, 12, 1$, and 24 inches below the point of injection. 

3 Isolations from injected shoots of trees 64 and 55 were not made until February 1939. 
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Discoloration did not extend more than a few inches below such in- 
jection points in terminal stem growth of the current season, nor did 
it reach older wood in any of the terminal shoots injected. The 
diameters of the portions of the shoots invaded by Ceratostomella ulmi 
ranged from one-sixteenth to one-eighth of an inch. The organism 
injected was isolated in most cases to the limits of the discoloration 
recorded in early trials but not below the limits of discoloration 
(table 10). The downward distribution of the fungus in current 
season^s stem growth was thus in striking contrast to that found for 
spores injected into the top of the bole or major branches of the elm.^ 

DISTRIBUTION OF SPORES OF CERATOSTOMELLA ULMI IN 
TOP-INOCULATED ELMS 

Under natural conditions, spores of Ceratostomella ulmi probably 
are deposited in injured tissues rather than injected into the sap 
stream. To gain some concept of the rapidity of invasion of the 
vascular system under more natural conditions, a series of trees were 
top-inoculated and the results compared with those from trees that 
had been top-injected. 

Inoculations were made into the tops of 27- to 49.5-foot trees July 
16, 1937. The inoculations were made into the leader branch or 



FrcjTTRE 9. Diagrammatic sketch of initial vascular invasion by Ceratostomella 
ulmi from a chisel-cut inoculation on a leafy elm branch. Streaks of discolor- 
ation from which C. ulmi was isolated appeared in line with the edges of the 
chisel cut 1 week after inoculation in July. The streaks were caused by invasion 
of the fungus in the functional vessels nearest the inoculated tissue. 

branches within 5 to 15 feet of them ends. The diameters of the 
branches at the inoculation points ranged from 0.5 to 1.75 indies. 
The inoculated terminal branches or tlie entire trees were cut off 7, 19, 
and 116 days respectively, after inoculation. The branches removed 
after 7 and 19 days, respectively, were stripped of leaves, left in the 
shade for 2 or more weeks, and then examined for spore distribution 
by the discoloration procedure. The others were examined at once. 

Seven days after inoculation of five branches treated in this mannem, 
four showed no discoloration above or below the injury. In the fifth 
branch, streaks of discoloration in line with the edges of the chisel 
injury extended 14 inches above the injury and 10 inches below 
(fig. 9). The streaks were discolored vessels of the current seasoii^s 
growth sheath. There was but one streak on either side of the injury. 
The streaks in each instance involved several vessels (fig. 4, B). 

The extent of vascular invasion 19 days after inoculation in 12 
branches examined at this period is shown in table 11. Typical wilt 
symptoms of Dutch elm disease were shown by only 4 of these 12 
branches at this time. Vascular discoloration extended into terminal 
shoot growth of the current season in all 4. Vascular discoloration 
was extensive above the inoculation points in 7 of the branches exam- 
ined; it was limited in the other 5, however, to within 1 inch of the 

^ The results of Kadulescu’s (£9) leaf-injection experiments, described in the literature review of this 
paper, are in decided contrast to the results obtained in these experiment.^. 
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inoculation points. Below the inoculation points, vascular discolora- 
tion extended on an average to roughly but two-thirds of the distance 
to which it extended above the inoculation points. Representative 
areas of the discolored tissue were cultured at the time of observation 
and Ceratostomella ulmi was consistently recovered from them. 


Table 11. — Distribution of Ceratostomella ulmi from inoculation 'points * in termina 
branches of American elms 19 days after inoculation 


Tree 

No. 

Branch 

Tree 

height 

Wilt 
symp- 
toms 2 
Aug, 4 

Stem below inoculat ion 
point 

Stem above inoculation point 

No. 

Diam- 
otor at 
inocu- 
lation 
point 

'rotal 

length 

I..ower 
limit of 
vessi^l 
discolor- 
ation 

Ves.sels 
diseol- 
oreti 3 

Total 

length 

Terminus of discoloration 

Height 
above in- 
oculation 
l>oint 

Distance 
below 
end of 
bran(!h 

Stern 

age 



Inches 

Feet 


Feet 

Feet 

Number 

Feet 

Feet 

Inches 

Years 


3 

0. 60 


— 

22.0 

0 

0 

6. 1 

0 

84 

{> 


4 

.60 


— 

20.0 

.25 

< 1 

6.5 

.6 

96 

9 

12 

5 

.76 

30. 4 

— 

23.0 

.9 

4 \ 

7.4 

.7 

70 

7 


6 

.63 


-f 

22. 0 

«6.0 


7.6 

7.6 

3 

1 


1 

1.3 



34.1 

6.0 


11.1 

10. 2 

10 

1 

oo 

2 

1.76 

40 K 

— 

34.6 

8.7 

Ml 

15.0 

12. 6 

30 

6 

Za 

3 

1.6 


1 + 

34. 3 

8.7 


16.0 

14.8 

4 

1 


4 

1. 25 


+ 

33. 7 

4.8 


10.6 

10.2 

4 

1 

O'i 

1 

.75 

, Af\ O 

1 _ 

30.0 

0 

0 

10.2 

.1 

121 

9 

Zo . . .. 

2 

1.20 

1 ’ 40. Z 


26. 6 

3.8 

3 

13. 6 

1.0 

1.60 

10 

Of; 

2 

1.0 

' AO i\ 


31.7 

1.2 

4 2 

8.9 

5.8 

37 

4 

. 

3 

1,1 

j’ 43,0 

— 

27. 

«8.7 

*7 

8. 5 

6.0 

30 

4 


> ST>oros of C. ulmi were fUacjod on the surfacc.s of chisel cut.s made in the wood, July 16, 1937, 

2 Plus sign (4-) indicates presence; minus sifjh (— ), absence of symptoms. 

3 C. ulmi was recovered by isolation at representative points from the vascular discoloration r(?corded in 
this table. 

< The discolored vessels were in line with the edges of the chisel inoculation cuts as shown in figure 9. 

» Vascular discoloration ext(‘nded into the bole below the point at w'hich this branch was cut from the 
tree. No observations were made below this point at this time. 

Approximately 4 months after inoculation, all the remaining inocu- 
lated trees were felled, examined for vascular discoloration, and 
destroyed. Data for seven trees in which the extent of invasion above 
and below the inoculation point was traced in detail are shown in 
table 12. Foliar symptoms of disease had appeared only on the three 
trees in which vascular discoloration had reached the terminal shoot 
growth of the current season and in which nearly all vessels of the 
outermost ring in the upper half of the bole were discolored. Vascular 
discoloration was present in the stump, however, in only one of these 
three trees. In the other four trees it was limited to a few vessels in 
line with the edges of the chisel-cut inoculation injury. 

Eleven of the 25 trees top-inoculated displayed symptoms of disease 
by September 15, 1937. Three of these are shown in table 12. Vas- 
cular invasion had reached the stump in only 4 of these trees by No- 
vember 9, 1937. The 13 other trees showed no symptoms at any 
time, yet in 3 of these trees vascular discoloration extended into the 
stump by November 9. Data for one of these trees (tree 25) are 
shown in the table. Ceratostomella ulmi was found associated with 
the vascular discoloration recorded in these trees at practically all 
representative points cultured. It is apparent from these experiments 
that although the fungus may be distributed from top to bottom and 
throughout most branches of a tree within a few hours after injection, 
its distribution subsequent to its establishment in an injury is not 
predictable. 
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Table \2.- Disiribulion of Ceratostornella vlmi frxAn in(/ctdation points^ 7 n 
terininal branches of American elms, 110 days after inorulation 



Branch 


Wilt symp- 

tonivS 2 

Stem below inoculation 
point 

Stem above inoculation point 

Tr('(? 

No. 


Diam- 
eter at 
inocu- 
lation 
point 

Tree 

height 




Lfiwer 
limit of 
vessel 
dis- 
colored 



Terminus of dhseoloration 

No. 

Aug. 

4 

Sept. 

15 

Total 

length 

Ve.ssels 
dis- 
colored 3 

'I’otnl 

length 

Height 

above 

inocula- 

tion 

l)oint 

Distance 
from 
end of 
branch 

Stem 

age 

6 ... 
19... 

20 . 

23 . 

24 

2". .. 

25 

1 

1 

1 

1 

I 1 
3 

Inches 
0. 80 
1.25 
1.25 1 
1. .50 
.75 

1 . .50 

1. 1 

Feet 

48. 0 
37.3 

42. 0 
40. 2 

27.0 
43. 0 
13. 0 

+ 

i 

+ 

Feet 

34 
29 1 
28 
27 
19 
.30 
27 


Nu mher 
* £» 

M 

M 

*3 

Feet 

14.0 

8.3 

14.0 

13.0 

8. 0 

1.3.0 
ft 8. 5 

Feet 
i:i.7 
8. 0 
7.0 

3. 0 
7.8 
.5. 0 
(!. 0 

Inc.hett 

5 

5 

24 

120 

30 

Years 

1 

1 

9 

1 

10 

4 


« 8|)(>r<‘s of C. uhni won? i)la<?<‘(l on the siirfaoe of (?hiscl c?iits made in the woofi July 16, 19;i7. 

2 -H indicates presen<?e. — alisence of syrn|>toms. 

3 C. vlmi was recovcre<l by isolation at repreamtativc points from the vascular discoloration r(?corde(l 
in this table. 

* Ncfirly all vessels of the outer rinp; were discoU)red in the upT)cr part of the bole in I hese tree's. 

■' 'rhe discolored vessels were in line with the edge.s of the chisel inoculation cuts as shown in fiKure 9. 

« This branch wa.s excised August 4, 1937. 


PRESENCE OF SPORES OF CERATOSTOMELLA ULMI IN SAP DIS- 
PLACED FROM ELMS AFFECTED BY DUTCH ELM DISEASE 

Tlu' rapid progrt'ss of (Wafostomella vlmi in the vt'sstds of trt'es 
into which no spon‘s w(‘r(* injected is evid(*nc(> that tin* fungus pro- 
duces spores or free drifting mycelial fragmonis in the vt'ssels to 
which it gains acet^ss by tissin* perud-ration in the vicinity of the 
injuries involved in th(‘ inoculation procedure. wSpor(‘S have been 
set*!! in histological ]>reparations of the discolored vessels of stems 
from naturally distuised and from inoculatt'd trees (4)- Verification 
of the prt'sence of spores in the vessels of sttuns of distuised trees at 
various times during the leafy season of 193b was obtained t^xperi- 
iiKUitally by tin* following procfnlure. 


7' ABLE 13 -Presence of (^eratostoniella ulmi spores in sap displaced from American 
elms affected by the Dutch elm di,seasc, 19H6 





Yeast- 

C. ulmi 




Yeas! • 

uhni 


Tre<! 

de.signa- 

tit»n 

Height 

like 

<;olon ies 


Tree 

de.signa- 

tion 

Height 

like 

colonies 

Date 

at which 
.sup was 

spores in 
centri- 

idtn ti- 
lled in 

Djlte 

at which 
sap was 

spores in 
eenlri- 

identi- 
1 tied in 


displaced 

fuged 

ea<?h 


displaced 

fuged ! 

each 




.saj) 

plate 1 




sa|» 1 

plate ' 



Feet 

1 

Number 

1 


Feet 


Nujnher 

June 15 1 

9B 

2 4 

_ 

3, 3. 3 

Aug. 17 

K, 

22-20 

4 

0. 0. 0. 0 

Do- 1 

9B . . 

10-20 1 

2 — 

7, 14.8 

Do 

K:, .. 

30-40 

-f 

0. 0. 0. 0 

July 1- 

21 B 

2-4 

4- 


Aug. 18 

107 IB 

12-10 

4 

0. 0. 0. 0 

Do „ 

21 B 

12-10 

f 


Do.. 

lOB , 

I 12 10 

4 

3. 2. 4. 3 

July 3 

19B 

4 7 

4 

0.0, 0^0 

Do 

1072B 

8-12 


1 0. 0. 0, 0 

Do 1 

19B .... 

7 11 

4 

0. 0. 0. 0 

Do 

Kz 

i 30-40 

-b 

10, 2 : 1 , .5, 9 

;poJ 

19B 

12-15 

4 

12,3,2,0 






‘ 1 cc. of the optimum dilution of the .sap sample was flooded over each of 3 or 1, 9-cm. I’etri dishes con- 
taining .solidified acid malt agar. 

2 — signifies a bstm to; +, pres(.‘nco of yeastlike spores of ulmi. 


Sap was displaced from 2- to 4-foot sections of the stem of diseased 
trees at various periods of the year. Naturally diseast'd (K) and 
inoculated^’ trees (B) were uschI. The work was dom* only on those 
trees that displayed characteristic foliar symptoms of disease during 
the leafy season of 1936. All organisms contained in tlu' displaced 
sap were concentrated into a 0.2-cc. volume by Cfuitrifuging. Yeast- 
like spores (fig. 3), typical of those produced by Ceratostomella vlmi 
in liquid culture, were seen in most samples (table 13). Th(» ().2-cc. 

327090-41 3 
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conceiitratos were resuspended as described for this technique earlier, 
and the suspensions were cultured. Colonies of C, ulmi were identi- 
fied in cultures of the sap displaced from four of nine trees studied. 

DISTRIBUTION OF DYES SUBSEQUENT TO INJECTION INTO ELMS 
AT VARIOUS SEASONS 

Dyes were injected into elms at various seasons of the year. Their 
distribution served as an index of the movement of the sap stream from 
injection points to other parts of the tree. The pah and chisel-cut 
injection procedure was used. The injection periods ranged from 1 
to 84 hours. The trees were felled at the end of the injection period, 
at which time the locus and extent of dye distribution in trunk and 
crown of the injected trees were traced by inspection for dye in cross 
sections of the stem. Acid fuchsin and light green w^cu’e the dyes used. 
Trees in the same stands and similar to those us(m 1 in the spore-dis- 
tribution experiments were employed. A rc'cord of the limits of dis- 
tribution of these dyes in trees base-injected at various seasons of 
the year appears in table 14. 

The dyes were observ(»d in the lumina of many of the tracheax^ of 
small diameter of all growth sheaths sev^ered by the injection chisel. 
They also appeared in the avails of contiguous cells. Tlu' dyes rose 
for several feet in this system of vessels in tn^es injected during the 
leafy season. The vessels of large diameter of the new ring, however, 
were the channels whereby dye was distributed tliroughout the (*rown 
in the leafy season. The dyes were not observed in tracheae of large* 
diameter of any ring in those trees injected during the spring flower- 
ing period or during the dormant season. 


Table 14. — Distribution of water-soluble dyes injected stump high into American 

ehm, 1936-S7 





Injection 

lime 

Tree dimeiision.s 

Maxiimim 
lieight 
I’eaclied by 
dye 

Tree No. 

Date 

S<;asonnl condition of tree 

Diameter 
breast high 

Height 1 

1 

1936 
Apr. 13 

Flowering, no leaves 

llOUTH j 

72 

Inches 

3 

Feet 

20 

Feel 

5.2 

2 .... , 

. ,do 

do 

72 

4 

29 

7.8 

3.- , 

1937 

Apr. 26 
do 

1 

. . .do ... . . 

3 

6 

59 

4.2 

4 . i 

_ . . . do . - 

3 

7 

59 

3.3 

45... 

May H 

New leaves expanding 

2 

6 

40 

22.0 

47 

do 

do . 

2 

4 

35 

20.0 

48 ,, 

. ..do.. . 

do , 

2 

4 

36 

26.0 

5 . 

July 19 
. .do 

Full leaf... - 

> 18 

9 

65 

56. 0 

6 

do 

2 18 

9 

65 

53.0 

7 

me 

Sept. 10 
do . - 

_ do 

3 

4 

31 

mo 

26.3 

8 

do ... . . 

3 

4 

27 

9 

Sept. 24 

.. do 

3 

3 

25 

24. 6 

10 

do 

18 

5 

35 

35.0 

11 - 

Nov. 3 

Leafless, dormant 

3 

5 

34 

6.0 

12... 

_do - . 

do 

3 

4 

22 

6.3 

13 

_ do 

do 

3 

4 

30 

4.2 

14 

Dec. 3 

do 

84 

8 

48 

21.0 

16 

...do. 

1 do 

84 

10 

67 

21.0 





1 Measured from the point of injection. 

s Chemically girdled trees in which the cambium was killed, during the preceding dormant period, over a 
to lO'foot length of trunk at the base of the tree. 
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At the season of the year when the new^ shoots were rai)i(lly elongat- 
ing and the new l(*aves expanding, and at a timii wlien the Vessels of 
the new ring wore not yet mature at tln^ base of the trees, the dye rose 
10 to 15 feet in the small tracheae of the growth sheaths penetrated by 
the chisel used in making the injections. It was distributed farthest, 
however, in the new traclieae of large diametiu' of the new ring, which 
were present in the upper half of the bole and (*rown at this time 
although not yet mature in tlie lower part of the bole. When trees 
were injected during the leafy season, the dyes were observed in the 
walls of the tracheae of the outer ring of large vessels and in contigu- 
ous cells in the crown. These vessels were colored by the dyes 
throughout the crowns of the trees injected during the leafy season to 
the heights indicated in the table. Wlien injection at this season 
was c.ontinued for 18 hours all leaves were stained red by the acid 
fuchsin. 

Dyes w(‘re injected into the girdled area of leafy trees that had been 
banded with copper sulfate during the preceding dormant season, by 
a procedure similar to that described by Bedard (6'), Lantz,® aiul 
Liming.^ The cainbiuin in such trees had Ix^en killed over a distance 
of 3 to 10 feet above the girdle all around tlu' trunk. The dyc'S after 
injection into these trees overnight were observed in the lumina of 
many traclu^ae of small diameter scattered through the wood of all 
(he growth sheaths penetrated by the injection chis(J up to 35 feet 
above the injection point. Although such dye-conducting vessels 
were generally scattered at random through all sap rings penetrated 
by the injection chisel (fig. 4, 60, there was a pronounced tendency 
toward dye conduction in rings of vessels. Theses rings of color seemed 
to coincide with the rings of large spring vessels. Close inspection 
revealed, however, that dye was in the lumina of only the small vessels 
of the late summer wood contiguous to these rings. Tlu^re was no 
convincing evidence that dye was distributed in the vess(ds of any of 
the rings of large tracheae formed prior to the season of injection. 
Dye was widedy distributed in the new ring of large spring vessels 
formed above the girdled area. It was observed in this system of 
vessels even in the small branchlets at the to}) of the two trees studied. 

Dyes were injected into the top of the boles of a- few trees during the 
leafy and dormant seasons. The path of distribution was the same 
as for base-injected trees. The distance to which the dyes descended 
below the injection point varied. After 72 hours of injection in 
November in one tree at 30 feet above the ground, light green was 
detected in the tissue around the outer ring of large vessels at 25 and 
27 feet below tlic injection point. Three hours after injection in two 
leafy trees at 20 feet above the stump October 1 , acid fuchsin was seen 
in a few vessels 6 inches above the stump in one of them. In the other 
it descended oidy 12 feet 10 inches below the injection point. It 
descended in the outer ring of vessels in these trees to branches at 
various distances below the injection point, then moved out toward the 
leaves in these branches, in vSome cases reaching the leaves. Light 
green followed a similar course in the trees injected after leaf fall, but 
did not reach the distal portion of the lateral branches. 

•LANTZ, a. E. an BFnClENT METHOD FOR INTRODUCING LIQUID CHEMICALS INTO HVIN<J TREES. TT, S. 

Dopt. Agr., Bur. Ent. and Plant Quar. E 434, 4 pp., illiis. 1938. [Mimeographed.] 

• See footnote 6. 
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RATE OF DISTRIBUTION OF HIGHLY COLORED SUSPENSOIDS AND 
STAINED YEAST CELLS INJECTED INTO ELMS 

Highly colored suspeiisoids and stained yeast cells were injected 
into elms {Ulmus americana and U. fulva) at various seasons of the 
year. The pan and chisel-cut injection procedure was used. The dis- 
tribution of stained spores or suspensoids was observed in situ in the 
new ring of vessels at the season of the year when little wood had as 
yet been laid down ovp the new vessel ring. In such cases, the bark 
was removed immediately before injection. The highly colored 
particles injected moved through the vessels of the new ring for varying 
distances and produced in these vessels the same spotted or discon- 
tinuous streak pattern that the various elm wilt fungi generally 
induce. These suspensoids during the months of June and July com- 
moidy ascended the first 5 feet in 8 to 15 seconds and reached tlieir 
maximum upward distribution of 8 to 20 feet in 2 to 10 minutes. They 
descended from injection points in the bole at the base of the crown 
with like speed. Two minutes after injection, June 24, 1937, india 
ink had descended to 14.5, 18.3, and 19 feet in three trials from injec- 
tions made 21 feet above tlie stump. It descended 36 feet in 6 minutes 
from an injection made June 25, 1937, 38 feet above the stump. All 
this distribution occurred in the outer or new ring of vessels. Tb.e 
carbon particles of india ink, suitably diluted, Turnbuirs blue, 
iron oxychloride, and beer yeast cells stained with Heidenhain’s 
iron-alum haematoxylin were not distributed in any of the large 
spring-formed vessels of inner rings but were distributed to a, distance 
of less than 16 inches in the vessels of tb.e summer wood of all growth 
sheaths injected. During the noideafy period of the year, distribution 
of these suspensoids was limited to the vessels of th.e summer wood 
but did not e^xceed 16 inches above or below injection points made in 
the boles of trees 6 to 12 inches in diameter breast high. 

DISCUSSION 

RELATION OF DRIFTING SPORES TO EXTENSIVE RAPID FUNGUS INVASION OF THE 
TRACHEAL SYSTEM IN THE ELM 

Th.e experimental evidence presented demonstrates tluit rapid and 
extensive spread of Ceratostomella ulmi in the American elm is due to 
the distribution of its spores, drifting in the sap stream, limited 
evidence presented indicates that th.e two other fungi known to induce 
vascular wilt diseases of the elm, namely, Veiiicillium dahlme and 
Dothiorella (Cephalosporium) ulmi are distributed in the same w^ay in 
the elm. Experiments with living cells of the beer yeast Sac- 
charomyces cerevisixie Hansen have demonstrated that these cells 
may be distributed with like speed and essentially as far in the vascular 
system of the American and the slippery or red elm. From this it 
seems probable that other organisms would be distributed in the same 
manner, if their spores were produced in the functional vessels in 
question. 

Spores of Ceratostomella ulmi have been seen and identified in sap 
collected from all levels of the boles of injected trees, up to 35 feet in 
height, within a few hours after injection at one point. They have 
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been observed in sap taken from the boles of diseased trees months after 
initial infection. They have been seen in histological sections in 
vessels of small brandies of the crowns and of the boles of inoculated 
and naturally diseased trees H). 

The presence of any of these organisms in functional vessels has 
been found in these studies to be consistently associated with discolora- 
tion of the vessels so occupied. This discoloration has been produced 
by all three fungi to the limits of their distribution but not elsewhere. 
It has been traced throughout the crown and bole of trees that have 
been felled, sectioned into 3- or 4-foot lengths, and defoliated within a 
few hours aftei* spore injection, and in most cases the fungus injected 
has been demonstrated to be present in the discolored tissues but noi 
elsewhere. 

Invasion of elm tissue by mycelial growtli of Ceratostomella ulmi is 
exceedingly slow, comparatively. Within the several hours^ time in 
whicli the spread of C. ulmi spores occurred in the vessels of certain 
trees injected with spore suspensions of C. ulmi, spores in uninjected 
portioTis of these suspensions held in Erlenmeyer flasks in the labora- 
tory and on the ground in the vicinity of the injected trees were found 
to reproduce almost exclusively by yeast like multiplication. Spores 
from sus])ensions that had been thic.kly sown on nutrient agar media 
a.nd had been held under the same conditions also reproduced practi- 
cally exclusively by yeastlike midtiplication. The maximum dis- 
tance to wliich C. ulmi can grow along the luinina of vessels under 
optimum conditions is not precisely known. Initial trials, liowever, 
have demonstrated a growth of 4 cm. parallel to the vertical axis of 
stems when they were held in a moist chamber for 2 months. It is 
obvious, therefore, that distribution by growth to the limits found in 
these exi^eriments would be impossible within tlie tiirn^ indicated. 

These findings provide a. new and fundamental concept of the 
mechanics of invasion in these and probably other vascular wilt 
diseases. 


VESSEL LENGTH IN RELATION TO SPORE DISTRIBUTION 

The distribution of spores or suspensoids in the elm is conditioned 
by the length of the tracheae into which tliey are introduced. De 
Bary (5) concluded that ^‘As regards the absolute size of vessels, there 
is nothing to oppose the view that their length may equal that of the 
whole plant or at least maybe very great.'' J^trasburger (34), and more 
recently Priestley and his associates (26, 27, 28) have presented ex- 
perimental evidence that supports this view as to the length of tra- 
cheae, at least in ring-porous dicotyledons. That there should be vessels 
open from base to terminal branches in the crown of elms regardless 
of tlie height of the tree was, therefore, to be expected. Extensive 
rapid distribution of spores throughout American and slippery elms 
occurs only in the new or outermost ring of vessels. The distribution 
of spores within a few houi*s to days after injection was found in this 
work to be limited to a few inches from points of injection in leafy 
American elms prior to the maturation of these vessels. It was like- 
wise limited in girdled areas of leafy American elms in which no new 
ring of vessels was formed. 
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ROLE OP SAP STREAM IN DISTRIBUTION OF SPORES 

The role of the sap stream in the distribution of the wilt-inducing 
fungi studied is apparent from comparison of their spread from in- 
j^tion or inoculation points in dormant trees with that in leafy trees. 
Wlien injected into dormant trees they were not spread more than a 
few inches in several weeks from points of introduction, whereas in 
the leafy season they were spread throughout the greater part of 
trunk and crown of small or large trees within a few hours. The speed 
of spore and water movement from injection points in leafy trees, 
judged from observation of dye and colored suspensoids in situ, is 
apparently a matter of several feet in a few seconds in eitlier direction 
from injection points. Preston (25) reports initial rates of injections 
for dilute iiuiia. ink of 1 m. per second in Fraxinus americana L. Tlie 
distribution of spores of Ceraimiomella ulmi above points of injec- 
tion or inoculation in the elm is a function of the transpiration stream. 

The reversal of the direction of this flow, as shown by the down- 
ward movement of dyes, suspensoids, and spores in these experiments, 
is similar to the reversal in the flow through the xylem reported more 
than two centuries ago by Hales {Iff) and in recent years by Arndt 
(f), Dixon (/^), Dixon and Ball {15'), and Yendo The experi- 

ments of these investigators show that under tlic experimental con- 
ditions induced, tension created by the drawing off of water from 
transpiring leaves * ‘determines a flow from any source wherever 
situated, and the continued transpiration from the leaves draws the 
supply through the plant along the channels of least resistance’’ 
PI). 61-62). This loss of water by transpiration exceeds water 
intake, is cumulative, and induces “saturation deficits” in tlie tissue 
during the leafy seasons, according to Shull {82)^ and Smith, Dust- 
man, and Shull {33). The downward translocation of liquids in the 
vascular system as in these experiments, as well as the initial rapid 
ti*anslocation above injection points, is thus a consequencHP of satura- 
tion deficits in the bole and roots of the elm, which would be re- 
lieved from any direction by a supply of free water, and, in Shull’s 
words {32), “has nothing to do with the normal transpiration or 
translocation currents” in the plant. It would seem obvious, there- 
fore, that this same rapid distribution of spores in either direction 
from points of injection in the bole of the elm would occur at any time 
during the leafy season, by night or day, in sunshine or rain. Ex- 
perience has shown that this is essentially what happens. 

INJECTION OF SPORES IN NATURE 

The injection of spores into functional vessels of the elm apriori 
might seem to be a higlily artificial procedure. However, any 
agency that severed these vessels would bring about the injection 
during the leafy season of such micro-organisms as happened to be 
in suspension in free liquid at the point of vessel rupture. In nature 
it would seem that injections of this type might be made by bark 
beetles. Since there is ample evidence that certain of these beetles carry 
spores of Ceratostomella ulmi externally and internally (7, 16, 24 1 
these spores, as well as other micro-organisms, probably are present 
in cell sap released by the burrowing of these insects. At the moment 
a functional vessel is severed, some of this liquid and any spores 
suspended therein would be drawn into the vessel. 
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Streaks of discoloration that extend from bark beetle galleries 
have been reported on various ring-porous tnuis {20). From such 
streaks on elm, Ceratostomella ulmi has been isolated by a number of 
investigators. Streaks of this kind were repeatedly seen on elms 
felled by the writer in early June and examined within 10 days after 
felling. Usually they (>xt(*nded for a distance of several feet above 
and below the point of vessel rupture. These streaks consisted of 
individual vessels or small groups of vessels of the now ring, which, as 
cultural study demonstrated, had been invaded by various fungi 
and bacteria. These organisms gained ac.c-c^ss to the vessels at the 
point ruptured by galleries of Scolytus or Hylurgopinus . Such a 
distribution appears to have been effected by the movement of sap 
or rain water in either direction from the point of rupture in these 
vcss(ils and not by growth of the organism involved. India ink 
injected into thcj bole of recently felled elms was distributed in the 
same manner several feet above and below the point of vessel rupture 
or injection. 

Th(‘- bark beetles are the only demonstrated m(>ans, except root 
grafting, of transmitting Ceratostomella ulmi from diseased to liealthy 
trees in nature (12^ 17, 23, 30). Injection of spores into functional 
vessels by these beetles probably occurs, although inoculation, i. e., 
the deposition of the fungus on the surface of injured tissue, from which 
it could grow into functional vessels, might be the more usual method. 

DISTRIBUTION OF CERATOSTOMELLA tn.MI FROM INOCULATION POINTS 

The distribution of Ceratostomelhi ulmi from inoculation points 
occurs much more slowly than from injection points. Particularly is 
this true of distribution below inoculation points in the bole or crown 
of large trees. It results from several factors. (1) The fungus first 
has to gain access to functional vessels by mycelial growth from tlie 
inoculated tissue, (2) Spores must be produced in the invaded ves- 
sels. (3) The disti'ibution of these spores below inoculation points 
probably depemds eitlier on reversals in the flow of sap in the invaded 
vessels or on precipitation of spores by gravity in invad(id vessels 
wherein upward sap flow has lieeii brought to a standstill by extensive 
tylose formation, whiidi in most cases follows invasion by the fungus 
((S’). Dr. A. L. Smith found that some of the spores present in a 
s[)ore suspension of C. ulmi fell through a still water column 5 feet in 
30 minutes. (4) It would seem that invasion, production, release, 
and distribution of si>ores must occur in advance of occlusion of the 
areas of vessels occupied by tyloses. 

VARIABILITY IN EXTENT OF VASCULAR INVASION IN ELMS FOLLOWING 
INOCULATION WITH THE WILT-INDUCING FUNGI 

Finally it should be remembered that, although spores of the wilt- 
inducing fungi may be distributed throughout the greater part of the 
current sc'ason^s growth sheath in even largo trees within a few hours 
after such highly artificial injection procedures as are described in 
these experiments, invasion by these fungi under natural conditions 
is probably highly variable. This is suggested by the variable results 
that follow inoculations with these fimgi. General and rapid invasion 
has practically always resulted, in the writer’s experience, from 
chisel-cut injections with Ceratostomella ulmi spores, made during 
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the month of June into the bases of American and slippery elms. 
No such invasion was found in dormant trees in these experiments. 
After the July top-inoculation experiments described in this paper, 
invasion of the vascular system of American elms was erratic, in most 
cases limited to the crown, and generally unpredictable. Smucker 
found invasion to be limited to within a few centimeters of inocula- 
tions made with O, ulmi in the sumimu* wood of crotches in the crowns 
of 4-foot trees treated in late July. Moreover, discoloration to the 
limits indicated was found in only 21 of the 50 cases studied. Invasion 
was likewise localized in 31 of 35 trees wherein the inocAilation injury 
severed the functional ring of vesseds in crotches during July. In- 
vasion was also limited to within a few centimeters of similar inocu- 
lations in 31 of 40 trees wherein inoculation was made at the same 
time in the upper part of the trunks. Examination was made in the 
latter two groups 1 month after inoculation. 

Variable distribution of CeratostomeUa ulmi in elms in nature is 
evident from the reports of Ahrens, Shutth'worth, and McM aster, 
and of True and Slowata {S5), The first-named writei-s reported on 
185 trees that were found to have rc^current symptoms of Dutch elm 
disease during the season following that in which the earliest ring 
vessels discolored, by the fungus were produced. They stat('d that 
vascular invasion during the season of initial infection was confined 
to one-fourth of the crown in 40 of these cases and that it was general 
throughout the entire tree in but 108 (jases. Their study was based 
on discoloration in the penultimate ring of vessels from wnitdi C. ulmi 
was isolated. True and Slowata, reporting on a study of symptoms 
of Dutch elm disease in natural infections during the h‘afy season, 
stated that infections unaccompanied by symptoms wore mostly 
localized in the large elms they studi(*d. 

Infections by Cephalosporium in most cases remain confim^d to a 
^‘limited portion only of the cuixent season^s growth^’ in infee t(>d 
twigs during the season of infection, according to Creager {13), 
Rapid invasion of the entire tree generally followed from the inocu- 
lations made at the base of the trunks of small trees by Goss and 
Frink {18). 

Verticilliurn infections generally an' b('lieved to occur througli the 
soil. Wollenweber C^O), however, reported invasion of the vascular 
system as confined to within a few inches of points of inoculation in 
leafy trees in the autumn. 

SUMMARY 

METHODS 

Spore suspensions of CeratostomeUa ulmi were injected in relatively 
large volumes (0.1 to 89 liters) into the bases or tops of small and 
large elms during all seasons of the year. Several hours to 5 weeks 
after injection, determination of the limits and loci of distribution of 
the spores in these trees was made by one of two procedures. (1) Sap 
was displaced from representative 3- or 4-foot lengths into wliich the 
trees were cut immediately after completion of the injection period; 
the sap samples were examined for C. ulmi spores after concentration 
in a centrifuge; the spores observed were subsequently identified from 
the colony character and fructifications to which they gave rise when 
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isolat('d on niitriont a^ars. Or (2) the trees were felled immediately 
at the close of the injection period, cut into 3- to 20-foot lengths at 
once, and th(»n defoliated; tlie discoloration of the v(^ssels through 
whicli spores had been distributed was traced several w(»(‘ks after tlie 
inj('ction; (I ulmi was isolated from the dis(*olored vessels at repre- 
sentative points. 

Small quantiti(vs of sporc^s were also inti*oduced in suspension 
througli chisel-cut injections or were applied without free water to 
the surfac(‘ of chisel-cut injuiies at various points in the bole or crown 
of Ameritian elms up to 49 feet in height. Terminal shoots were 
injected by excision under spore suspension. Distribution of the 
fungus applied in these procedure's was traced from the vascular dis- 
coloration induced and was confirmed by isolation of the orga-nism. 

RELATION OF SEASON TO DISTRIBUTION OF CERATOSTOMELLA ULMI IN THE ELM 

Distribution of the fungus in the tr(‘e was profoundly influenced 
by (1) th(' season at whicli injection was made', (2) the locus of injec- 
tion, and (3) the iiK'thod of iiiti'oduction into tlu' tree. 

During tlu* early half of the leafy season ( Watosiomella ulmi, 
inje'cted in spon* form in larger volumes of suspension stump high, was 
recov(‘r(*d to within a h'W inchc's to feet of the terminal grow^th in small 
and large elms that had been felled and cut into 3- to 20-foot sections 
at the close of injection periods of 20 minutes to 48 hours. The 
average distribution was 10.7 f(‘et in 9 small tret's that averagc'd 12.9 
f(‘et in height, and 44.3 feet in 23 tall trees that av(*raged 49.6 f(‘et in 
height. Verticillinrn dahliae and IJofhiorella {Cephalonpormin) vlmi 
wei-e recovered within 1 to 11 feet of the tops of six 23- to 44-foot 
American (*lms 0 and 7 days, respectively, afterr injection of a few 
cubic centimeters of spore suspension at stump height. Injected in 
large volunu'S of spore' susjie'nsiem 40 or 41 feed above the stump at 
points where the stem was 4.5 or more' inches in diamete*r, C. ulmi was 
recove're'el at stump height in tree's felle'el at the* close of 1 5- or 20-minutc 
inje'ctieni pe'iioels. 

During tlie* latte'r half eif the k'afv se'asein, (kmitoslomdla ulmi, 
injendi'd stump high in large volume's of s])ore' suspension, coulel not be 
ree'overeel at more than, roughly, one'-half the height of twenty-five 
13- to ()0-foot tre'C's, f(*lle*d at the close of injection [le'riods of 1 to 4.2 
hours. Av('rage maximum lu'ight at which the vessels we>re eiiscoloreel 
by the speire'S was 10.8 feet in tlu'se tree^s, which ave'rage'd 29.7 feet 
in height. Injecteel 21 to 29 fe'et above the stump at this seasem in 
large volumes of spore' suspe'iision at points where the* stem was 2 to 6 
inches in diameter, C. ulmi was re'covered at stump height in one of 
nine trees fe'lle'd 17 hours to 5 days afte*r inception of injection. The 
average maximum distance below’^ the peiint of injection at which 
C. ulmi was recovere>d, however, was 19.3 feet in those trees wherein 
injection was made at an average height of 24.9 feet above the stump. 

Spores of Ceratostomdla ulmi were identified in sap displaced from 
vaiious points in the boles or crowms of naturally diseased and inocu- 
lated trees that shovred wilt symptoms in the months of June, July, 
and September, 1936. 

During the nonleafy season, CeratosUmella ulmi could not be 
recovered at more than 24 inches above injection points in 12 trees 
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injected with large volumes of spore suspension ami felled 1 hour to 
28 days after the inception of injection. C. ulmi could not be recovered 
at more than 12 feet below similar injections made 13 to 24 feet above 
the stump in 10 trees injected 1 to many hours and felled 1 hour to 14 
days after inj (action at this season. 

RELATION OF METHOD AND LOCUS OF INTRODUCTION INTO THE TREE TO 
SUBSEQUENT DISTRIBUTION OF CERATOSTOMELLA ULMI IN THE ELM 

Injected into terminal shoots for 1 hour, Ceratostomella ulmi could 
not be recovered at more than 6 inches below the point of injection in 
trees felled at the close of the injection period. Average distribution 
was 4 inches in 20 trials in August. 

Injected into leader branches at points where the diameter ranged 
from three-eighths to five-eighths of an inch, Ceratostomella ulmi was 
recovered at 2 to 16 feet below injection points in trees felled 24 hours 
after injection in July. The average distribution b(4ow the injection 
point in 10 trials was 7 feet. The average height of injection was 16 
feed. 

Distribution of Ceratostomella ulmi from inoculation points was 
decidedly variable and took place more slowly than from injection 
points. One week after inoculation in July into top branches 0.5 
of an inch to 1.75 inches in diameter, maximum distribution from 
inoculation points did not exceed 14 inclu's; 19 days after inoculation, 
maximum distribution was 14.8 feet; minimum, none; approximately 4 
months after inoculation in 25 trees up to 49 feet in height, distribution 
varied from 1.5 feet from inoculation points to the entire branching 
structure and bole of the trees and was limited to a few vessels or was 
generally present in all large tracheae of the new annual ring in the 
crown structure. From comparable points at wliicdi a f(‘.w drops of 
spore suspension were injected through chisel cuts in the nonleafy 
season, distribution at the end of 6 weeks did not excet^d 19 inches 
above or below, and averaged 1.4 inches above, 5.4 inches below the 
cuts in 12 trees approximately 40 feet in height. 

LOCUS AND RATE OF DISTRIBUTION OF SPORES AND OTHER COLLOIDS IN THE ELM 

The tracheal system was the locus of spore distribution. Spores 
and suspensoids wcJ*e distributed by the sap stream in the small 
vessels of the wood and in the large vessels of the outcir annual ring. 
They were distributed through the smaller vessels of the wood of all 
growth sheaths severed by the injection chisel. The distribution in 
these vessels was never found to be greater than 18 inches above or 
below injections made at any season in trees felled within 24 hours 
after inception of injection. Distribution of spores beyond 18 inches 
was almost exclusively through the large vessels in the outermost or 
new ring. 

Highly colored suspensoids and stained yeast cells were observed 
to move in the large vessels of the outer annual ring up and down from 
injection points in large, standing, leafy trees at relatively fast rates. 
These suspensoids usually ascended the first 5 feet in 8 to 15 seconds, 
reached a maximum distribution of 20 feet in less than 10 minutes, 
descended with like speed, and reached a maximum distribution of 36 
feet in 6 minutes. 
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CONCLUSION 

It may be concluded that the rapid invasion during the leafy season 
of the bole and crown of the American ehn by the fungi herein dis- 
cussed is due to the distribution of the spores of these fungi in the 
large vessels of the new annual ring by the sap stream. 
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A HISTOLOGICAL STUDY OF SNAP BEAN TISSUES 
AFFECTED WITH BLACK ROOT > 


By WiLBEUT A. Jenkins - 

Associate Botanist, Georgia Agricultural Experiment Station 

INTRODUCTION 

In previous papeis {5, 6')^ the writer described the symptoms and 
('liolo^y of black root, a, new disease of snap beans {Phaseolus vulgarift 
L.). vSince vascular discoloration is such a i)rominent symptom of 
black root,, it appeared that a further study of certain histological 
details of discuiscrd plant parts would contribute to a bett(*-r understand- 
ing of th(» effects of the disease on the pliysiology and vitality of the 
(Uitire plant. The results of such a study form the basis of this pape^r. 

Si'veral investigators have reported the results of anatomical and 
histological studi('s on various plants affected with virus diseases (i, 

4, 9). Others have rc^ported disease symptoms on various plants, 
which, if studied histologically, would doubtless yiedd similar results 
(7, 10 j 11). The remarkable degree of concurrence of opinion and 
obs('rvat,ion on numerous critical phenomena found in virosed tissues 
supposedly causcal by unrelated viruses, attest to the interest in work 
of this kind and suggest the ultimate fruitfulness of this approach to 
a better undtu’standing of the interrelationship of plant and virus 
physiology; evcai, perhaps, to interrelationships of viruses themsedves. 

MATERIALS AND METHODS 

Sev(iral varieties of snap beans, exhibiting various intensities of 
symptoms, in addition to several strains of beans originating from 
hybrid progenies, wen* us(*d. 

Both fr(*,sh and fixed materials were studied, tlie latt(*r being killed 
in either Crafs fixative* or formal-acetic alcohol, emb(*dded in paraffin, 
sectioned and stained. Fresh material was used exclusively in fr(*e- 
hand sections, while the embedded material was cut 10/x to 15 m in 
thied^ness with a rotary microtome. 

Various stains were used, but of these Pianese lllb, alcoholic saf- 
ranine counterstained with light green in clove oil, and Heidenhain’s 
iron-alum haematoxylin proved best for tlu* general purposes of this 
work. Certain details relating to sulxahi and cellulose deposition were 
confirmed rnicrochernically by appropriate reagents. However, several 
points could best be determined from unstained S(*c lions which afforded 
an excellent check, particularly on the patterns of pathological cells. 

With Pianese lllb, healthy tissues stained various shades of ma- 
genta, except the middle lamellae of vessels, which stained green. The 
contents of diseased phloem and cambium tissues stained from light 

' Received for publication July 26, 1940. Pajier No. 76, Journal Scries, Georgia Agricultural Experiircnt 
station. 

2 The writer wishes to expre.ss his appreciation to Mr. M. M. Murphy, Jr., for assisting in making the 
photographs contained in this paper. 

3 Italic numbers in parentheses refer to Literature Cited, p. 690. 
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elm green to dull blackish green (8), depending on the severity of 
involvement and, apparently, on the length of time the elements had 
been undergoing degenerative changes. The contents of those ele- 
ments that showed the earliest symptoms of disease usually stained 
the deepest green, while the walls always stained magenta. Likewise 
gum,^ when present in vessels, stained green. 

With safranine-light green, the cell walls and contents of healthy 
phloem and cambium tissues stained green, with the exception of the 
nuclei and slime bodies which stained red. Lignified walls of the xylem 
tissues likewise stained red. The cell walls and contents of diseased 
tissues, both phloem and cambium, stained from Pompeian rod to 
dark hyssop violet. In fact, the degree and intensity of red stain in 
the walls of these tissues afforded a true index to pathological involve- 
ment, even before marked degenerative changes in the cell contents 
were evident. 

With Heidenhain's haematoxylin, healthy cells stained lightly in 
various shades of blue to purple, while diseas(>d tissues stained various 
shades of olive to almost black. Its use greatly facilitated th(‘ 
photographic work. 


HISTOLOGY OF THE ROOT 

As stated in an earlier paper (6*), the taproot of diseased plants 
never escapes infection. Exteriorly, infected roots exhibit a gemu'al- 
ized dark to almost black color, depending on the severity of infection. 
It has been assumed that the discoloration is due to certain chemical 
changes attendant on the death of the protoplasm, perhaps oxidation, 
and no additional explanation has come to liglit from this invc'sti- 
gation. 

PHLOEM 

In transverse and longitudinal sections of the diseased root (pi. 1), the 
visibly affected cells are seen to be confined almost exclusively to the 
phloem and cambium, although in certain cases discoloration is to be 
noted in the ray tissue and in the parcuichyma surrounding the outer- 
most layer of vessels. Under low magnifications all the tissues of a 
given region seem to be affected, but when higher magnifications are 
used (pi. 1, By Cy D)y numerous areas showing no symptoms of disease 
are apparent. Conditions are n^adily demonstrable in given areas, 
particularly of the phloem in which the individual cells show symp- 
toms ranging from isolated areas in portions of certain cell walls, 
that stain red, to thos(^ in which the cytoplasm and nucleus have 
undergone complete disorganization, now appearing as amorphous 
or gumlike inclusions that stain intensely red throughout (pi. 1 , By C), 
The young phloem fibers show .symptoms of involvement, particularly 
during the early stages of differentiation. Judging from the reactions 
of the cell walls to the several stains employed and to Sudan III, IV, 
and Sudan black, it is fairly obvious that the cellulose walls of the 
phloem (including the fibers) have become cither in part or completely 
covered by a deposit of suberin. Such a situation was demonstrated 
microchemically by Hill and Orton (J) in the cour^^. of histological 
studies on blue stem of potatoes. That the suberin is in some way 
correlated with protoplasmic disorganization is attested by the fact 

* The terra “Rum” refers to the physical appearance of the substance, rather than to its chemical compo- 
sition. 
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UBf Transverse sections of roots showing dislribution of black root syinptoins; 
vascular discoloration is confined largely to the phloem and cambium, though 
in certain areas the rays and xylem parenchyma are discolored. A about Xfi 
and B about X70. C, An area of B under high(‘r magnification, showing 
details of cellular involvement. Note particularly certain initial stages of su- 
berization in the walls of young sieve tubes and fibers directly above the complete 
xylem vessel. The walls of these elements are normally composed of cellulose. 
About X750. 7), Longitudinal section of a root showing syinptoins of black 

rtiot in the phloem and cambium. Slime bodi<!s anrl the disorganizc^d proto- 
plasm sliow well, as do the suberized walls of diseased eleimmts^ Hecausi* t h(\v 
stain pale blue, the callose pads do not show well. About X7r)0. 
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Snap Bean Tissues Atfected with Black Root. PLATE 2 



A-Bf ^J’ransvcr.so sections of t he lowt'r hypocotyl showing fiistribiitiou of black 
root symptoms. A about Xh and B abotit X70. C, An area in B, under 
higher magnilication showing derails of cellular involvement. Note particularly 
the collapse of cells near the cambium, the walls of which are not heavily 
suberized. In other areas the intensity of discoloration makes it appear that 
cellular structure has been obliterated. About X400. /), Longitudinal section 

of an area of the lower hypocotyl showing details of cellular involvement in the 
cambium and phloem. Here again callose pads are indistinct due to their stain- 
ing reactions. About X 400. 
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that the deposits grow in thickness as the protoplasm degenerate's 
until finally, in later stages, the walls are cpiite thick. Certain cells 
with less heavily sulx'rize'd walls ne^ar the ('iimbium ar(> completely 
collapsed due perhaps to growth stn'sses of the surrounding heal thy 
tissues, but no evidt'iicc', of dissolution of c(‘ll walls has been found. 
The necTosi'd arc'as an' Jiotably hulking in starclies, proteins, and fats, 
as compared with the surrounding, api>ar(uitly unalfc'ctiHl areas. 

In longitudinal sections, [larticularly of tlit* phloean, several addi- 
tional h'atures can be seen to advantage. Normal cell constituents 
such as nuclei and slime bodices (Schleimklumpi'ii of Strasburger) are 
particularly evident in tlu' normal-appearing cc'lls. In the diseased 
cells various degrees of involvc'inent, as exi'injylified by ])rotoplasmic 
disorganization, an' evich'iit (pi. 1, D). In certain sieve tubes, some 
of which show no ('vidc'uct' as yt't of |)rotoplasmic disorganization, 
call()S(' |)a(ls an' fn'Cjiu'ntly found blocking the pon'S of tlu' siev(' 
platc's. Sieve tulx's thus aftecU'd recall a similar situation in pt'nainial 
plants in which callost' pads normally an' pn'st'nt in the si(we tubes 
(luriiig the dornmnt jx'riod {3). Since tin* Ix'an plant is an annual 
and dot's not, tht'it'fon', normally undt'igo a dormant phase, the writt'i* 
is inclined to attributt' the prt'sence of callost' pads in its sievt', tubt'S 
to the activity of tht' virus. That no dormant phast* Jiormally t'xists 
in bt'ans during tht' pt'riotl in which tht‘ material was collected was 
t)bvit)us frt)in txainination t)f normal tissue. Physiologically, tht' 
pn'si'iice t»f callt»s(' patls must greatly influt'nct' the transpt)rt t>f vital 
substanct's thn)ugh the phlt)t'ni. Itct)uld nt)t be tlt'termined whether 
tht'ir ft)nnatit)n precipitates the later-aj)])t'aring degt'nerativt' pht‘- 
noniena or whether tht'y an* but ct)incidental with the beginning of a 
series of irreversible n'actions that ultimately rt'sult in comi)lete 
l)n)toplasmic disorganization in afft'cted cells. Chain rt'actions would 
st'ein to play a ])art in tht' setpit'iice of twents. 

CAMBIUM 

In all instances in which the phloem shows disease symptoms, the 
contiguous cambium likewise is affetded. This generalization holds 
true not only for the root but for all portions of the yilant in which a 
functional cambium has been found. Staining reactions identical 
with those described for phloem are evident in tliseascd portions of 
cambium. This is strictly true, however, only insofar as the meriste- 
mati(r zoiu' immediately adjacent to the ])hloem can be regarded as 
cambium. The writer fully realizes the difficulty of defining a single 
row of meristematic cells as cambium to the exclusion of meristemadic 
gradients contiguous on one side with phloc'm and on the other with 
xylem. However, those cells, not yet differentiattMl, lying closest to 
the diseased phloem show all gradations of suberization of cell walls 
and protoplasmic degeneration. Those nearest the phloem show 
symptoms identical with those of phloem, while those nearest the 
xylem exhibit symptoms typical of diseased xylem elements. In 
most instances, tlu'. cambial derivatives appear to undergo fewer divi- 
sions and to begin to differentiate much eaiiit'r in diseased areas than 
in areas lelatively oi* entirely free from symptoms. Many cells with 
heavily suberized walls remain distinct, w^hile others, usually showing 
deposits of less thickness, undergo almost complete collapse, 
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XYLEM 

Traiisvc'rsc and longitudinal sections of xylem tissue show veiy 
few symptoms of disease except, as stated above, in the ray paren- 
chyma and in the xylem parenchyma immediately adjacent to certain 
vessels nearest the cambium. In a few instances, gum lias been 
demonstrated in the lumen of certain young vessels, but this is excep- 
tional. Likewise, very few tyloses were seen. Suberin deposits are 
present on the walls of badly diseased xylem parenchyma. The 
contents of diseased xyhun and ray parenchyma show all gradations 
of disorganization and gumlike inclusions, just as in the phloem (pi. 1, 
J5, C). The vessels are scalariform (as can be seen in longitudinal 
section) (5). In many instances the pores in a given view were 
definitely plugged by small deposits of gum, hut no evidence is avail- 
able to indicate how extfuisively the pores in a given vessel, or in a series 
are plugged. How'cver, as will be brought out later, it is hardly 
necessary to find or postulate complete vessel plugging to account for 
the failure of the xylem as a conductivt? system. 

HISTOLOGY OF THE HYPOCOTYL 

For the puiposes of this study the hypocotyl is regarded critically, 
for it is in this area that practically all the transition of the vascular 
arrangement from root ty[)e to stem type takes place. Since there is, 
relatively, a greater amount of differentiated vascular elements in the 
hypocotyl than in either root or stem, it is not surpj*ising that oiKi 
finds the diseased areas more conspicuous here and more uniformly 
distributed than in either the root or stem. 

Here, however, the necrotic areas are confined for tlio most part to 
the phloem and (‘>ambium, as was true in the root. Instances of ray 
penetration and involvement of xylem parenchyma are (evident, but 
proportionately about as in the root (pi. 2). In several instances it 
appears that the cambium may be killed more quickly than the root. 

Individual diseased cells, whether in phloem, cambium, or xylem, 
give identical staining reactions and distribution as do like cells from 
the root. 

HISTOLOGY OF THE STEM 

As noted in a former ])id)lication (6>), black root symptoms on the 
stem are not uniform, but reveal their presence by a dark streak or 
streaks running lengthwise of the stem. Other symptoms such as 
wilting, chlorosis, and mosaic patterns, in the leaves are also present, 
but since these are common to several virus diseases of beans, stem 
streaking is regarded as a better diagnostic symptom. 

Transverse and longitudinal sections show relatively smaller 
numbers of necrotic areas in the stem than are present in either root or 
hypocotyl; but closer inspection indicates that relatively more necrotic 
cells occur in given areas of the stem than in comparable areas else- 
where (pi. 3). It also appears that protoplasmic disorganization is 
more suaden and complete in the stem than elsewhere, as fewer transi- 
tional stages are to be seen in tissue of comparable age, and, supposedly, 
comparable as to the time of initial infection. 

The distribution of necrotic areas and the completeness of proto- 
plasmic disorganization in areas of the stem are definitely correlated 
with the percentage of leaves and fruiting pedicels that individually 
show no symptoms of disease for various periods of time after other 
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parts arc wilted and dead. Whether initial infection of a given plant 
occurred through the above-ground parts or through the roots could 
not be ascertained from the present study. The histological evidence 
indicates, however, that the transitional area of the hypocotyl has an 
important relationship to the amount and distribution of necrosis 
in both tlic stern and root. 

However, the individual necrotic areas of the stem, like those of 
the root and hypocotyl, are confiiuHl almost excliisivcdy to the phloem 
and cambium. Nev(‘rthel('ss, as in other organs of the plant, proto- 
plasmic disorganization often (‘xtends for short distances down tlu? 
rays and into th(»- xyh'in panmchyma surrounding the V(>ssels (‘on- 
tiguous to the cambium. Here, as elsewhere, certain vessels contain 
various amounts of gum, and the question arises again as to how 
completely the scalar if orm perforations are plugged. 

HISTOLOGY OF THE POD 

Although the on\y (*xt('rior symptoms of black root on the jiods 
consist of a slight darkening of one or both sutun's, accompanied by 
a slight pitting of the epidermis in older |)ods (6*), transverse sections 
show that necrosis of tlie vascular system is (|uit(‘ (^xt<‘nsive (pi. 4, A). 
The largest vascular bundles of th<* pod lii* l)elow tin* sutures. No 
doubt the size of th(*s(* suture bundles, with their gn'ater numb(*r of 
phloem (*l(*m(*nts, rather than the distribution of necrotic areas, is 
r(*sponsible for tln^ expression of symptoms exteriorly only along the 
sutures. Jt is evident that essi'ntiaJly all tin* vascular tissue shows 
necrosis, but since* tin* smaller bundles contain so little phlot‘m, the 
intensity of discoloration is not sufficient to show through the chlo- 
renchyma of fresh |)od walls. It is thought, how(‘ver, that the 
involvement of tin* smaller bundl(*s is responsible for the pitting of 
the pods, as the pits appear to be the r(*sult of collapse*, of (lesiccated 
tissues, particularly in the vicinity of stomata. Wh(*n the chlorophyll 
is extracted and the* pods ap]jropriatt*ly cleared, the exte*nt of vascular 
necrosis is evident even in unstaineel preparations (pi. 4, B). 

Phloem necrosis also extends frejin the ventral vascular (suture*) 
bundles elown through the; funiculi into the se*e*d. Evidence of 
suberization of ce*ll walls and protoplasmic elisorganization is evielevnt 
to some exte*nt in ce*rtain pareiudiyma (transfusion) are*as along the* 
snialle*!* veins. In in) instance was tln*re evieh*nce* of vascular necrosis 
in the embryo, although considerable* areas we*re* founel in the se*e‘el 
coats at the; chalaza. This observatiem raises an inte*re*sting point in 
regard to the mechanics of seed transmission of black root. It is, 
of course, conceivable that the virus might pass through the trans- 
fusion areas of the seed coat at the chalaza anel thereby reach the 
vascular system of the embryo. It is also conceuvable that embryo 
infection takes place during germinative stages of the seed, since the 
enlarging embryo in rupturing the seed coat might r(*lease sullicient 
inoculum from the phlo(*m of the seed coat to bring about infection. 
This viewpoint presupposes that the virus remains active in tin; seed 
coat, a point tliat has not as yet been investigated. However, we 
do know that under certain conditions a small percentage of the 
disease is seed borne (6). Both these hypotheses are contrary to 
findings of other investigators (2), but they were working with a 
disease which is not seed transmitted. 



688 


Vol. 62, No. 11 


Jo urnal oj Agrwidtural Research 
DISCUSSION 

Plants affw. tod with various virus diseases have been studied anatom- 
ically but of those characterized by necrosis, the reports on location, 
pattern, and appcairance of the areas arc rather uniformly in agreement 
as to certain critical details (f , and perhaps 4)- 

Results of tlie prescuit study have aiforded an histological explana- 
tion for the odd distribution of wsymptoms produced by black root on 
snap beans. Apparcviitly being confined largely to tlie phloem and 
cambium of the root, hypocotyl, stem, and pods of a given plant, the 
number of necrotic*, arc'as prescuit seems definitely correlated with the 
amount and extent of symptoms that the plant exhibits. This 
observation seems particularly well borne out in the hypocotyl, 
where invariably the amount of necrotic tissue is relatively gr(‘ater 
than in eithej* root or stem of the same plajit. 

The limitc‘d (‘Xtenl to which the xyliun tissue is involvinl and the 
fact that (‘xtcaisivc*, gum or tylosis formation does not occur in the 
V('ssels indicat(»s that factors other than necrosis ai’c^ resi)onsible for 
the rapid wilting of diseascHl plants in the presence of abundant mois- 
ture. Aside from tlie plugging of the sieve', tubes by eaillose pads, 
which doubtle'ss influence's the nutrition of the*, plant, the writer feels 
that suddeui wilting can be^st be e'xplaine'tl histologically tlirough the 
reaiction of the virus on the xylem parene'hyina.. Kvevn though only 
the parenchyma surrounding the* oute'.rrnost ve^sseds, i. (^, those e‘on- 
tiguous to theveamhium, is a|)pare‘utly afre'cted, the^ rc'sult is the c'ffeK't- 
ual and sudden wilting of the', plant. This e'xplanation can bc'st be 
acceptcHl by postidating the e^xistence* of a very rapid functional 
gradient be^tween the old ve^sse'ls and those that have recently differ- 
('.ntiatcKl (5), as wedl as assigning to the living xylem parenchyma an 
important influence on water conduction. Such an inte'.rpretation 
apparently was considevred by Weimer (,9) in his work on alfalfa dwarf. 
He found that when redatively inconsiderablci numbers of xylern 
vessels contiguous to the cambium were plugged in the alfalfa roots 
the plants wilted. By pumping water through diseased and healthy 
roots he demonstrated that very little water passed through those 
roots in which the xylem vessels contiguous to the cambium were, 
plugged. It is also conceivable that injury to the xylem parenchyma 
was a considerable factor in the wilting of the living alfalfa plants. 

The writer is also not unmindful of the possibility that the vessels 
might be plugged by small deposits of gum over the scalariform per- 
forations between vessels, as mentioned earlier in this paper. This 
could be a particularly significant factor when one considers the great 
amount of anastomosis of the ducts, particularly in the transition areas 
of the hypocotyl. It is very difficult histologically to demonstrate 
with certainty the proportion of the scalariform perforations that are 
plugged by gum. 

Finally, the physiological effects of the amount and severity of 
phloem and cambiimi necrosis alone, without regard to the xylem, 
could well upset the nutritional balapce of the plant to tlie extent that 
sudden wilting would result. Elaborated foods arc essential to a wide 
variety of energy relations concerned in the necessarily continuous 
growth and extension of the root system into its absorption environ- 
ment,'' as well as to the actual process of material absorption from 
the soil. Theoretically, the root system could operate fairly efficiently 
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under the stress of dirninishing food supplies for various periods of 
time; but when it is no longer possible for its compensation meclianisrn 
to maintain functional (equilibrium, tin* root system fails and the 
plant suddetdy wilts. Ilistologitral evidence' for this explanation is 
lu'ccivssarily fragiiKuitary, consisting chic'fiy of tiests for protc'ins, fats, 
staiTh, etc., all of whicli were much d(*pl('ted or absevnt in necrosed 
tissue's. This, too, is in accord with thee findings of Hill and Orton (4). 

In regard to thee histology of seed transmission of black root, it eeaii 
be said only that vsymj)te)ins of infe'ction (neecrosis of phloeem eleemeents) 
have been traced by the writer into the' see'd eeoat near* the chalaza. 
Other workers (2) found the same situation in their work with curly 
top of beets. It so happens that curly top is not transmitted through 
the be'et seed, while black root is seed-transmitted, at least to some 
e‘xt(‘nt. Otheis have* shown that re'lative'ly fe^w^ virus dise'ase>s are 
seed-traiisjiiitte'd, liie outstanding e‘xam|)le of positive transmission 
being common be^aii jnosaic. The histological evide'n(*e being the* 
same* for a dise'ase that is soine'tirne's transmitted thi‘ough the seed 
(black root) as for one which is ap])arently ne'ver transmitte'd through 
the* se'e'el (curly top), it can be conclueh'd only that some factor un- 
known to the* vvrit(*r ele'te'rmine^s the mode*, and fre(juene*y of embryonic 
inoculation. Ily})othe'tically, it is re'asonable to assume that inocula- 
tion might occur wheiii the* vascular syste'in of the seed coat is ruptured 
during ge'iminative stages of the' se'(*d. 

SUMMARY 


Snaj) be'Jins affected with black root have been exa, mined histo- 
logically. This report is based on studies of both fre>sh and fixed 
inateu*ial, appropriately staine'd, of several varie^ties and progenie'S 
from se'gr ('gating hybrids. 

The ix'culiar exte'rnal manife'station of such symi)toms as diffe'r- 
e'litial streaking and wdlting of e'ertain i)lant parts has bc'en shown to 
be (iorre'lateal histologically with differential ne'crosis of the phloem, 
cambium, and outermost layer of xylean in the root, hypocotyl, ste'jn, 
and pod. 

Necrotic symptoms in the phloem varied from slight c'ytoplasmic dis- 
organization in those cells receutly infe'cted thiougli stage's of more or 
le'ss complete destruction of the cytoplasm and nucleus. In the end 
phases the cell contents resembled gum, and the* ce'llulose ce'll w^alls 
be'-carne covered by de'posits of suberin. Calloso pads were*, also 
noted in sieve tubes showing early symptoms of dise'ase. Whether the 
effeict of theise initiate degenerative changes or are but one of a serie's 
of chain reactions, is not known. In that are'a of the carnbial zone 
contiguous to the phloean e'onditions similar to those in j)hloem pre- 
vailed; while in the areas nearest diffea-entiating xylein, the symptoms 
most nearly resembled those charac tetris tic of xylem. In the vessels 
very little evidence of plugging was obse'rved except in the* scalariform 
perforations, and very few tyloses w^ere seen. The pareaichyma about 
the youngest vessels contiguous to the cambium was severely ne^xrosed, 
and necrosis was oe'oasionally found in the ray parenichyma. 

It is tentativedy sugge^steel that the sudden w^ilting characteristic of 
black root may I)e due in great part to ccsssation of activity of the 
young vessels through destruction of the vital xyle^in parenediyma. 
The possibility of mechanical blocking of the scalariform perforations 
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by gum, particularly in the hypocotyl, as well as the probable effect 
of phloem and cambium necrosis on the energy relations of the root 
system, are also considered. 

Necrosis of the phloem was observed to extend throughout the 
vascular system of the pod and through the bundles of the funiculi 
into the seed coat at the chalazal end of the seed. No evidence of 
infection was observed in the embryo, but only very young embryos 
were (examined. It is suggested that seed transmission may be 
accomplished by transfusion of the virus from the seed coat to the 
embryo, or that inoculation may occur as the embryo ruptures the 
vascular system of the seed coat fluring gf»rmination. 
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FACTORS AFFECTING THE GERMINATION OF VARIOUS 
DROPSEED GRASSES (SPOROBOLUS SPP.) ' 

By Vivian Kearns Toole ^ 

J uni or hotaniU, Division of Fruit and Vegetable Crops and Diseases, Bureau of 
Plant Industry, United States Department of Agriculture 

INTRODUCTION 

At the request of the Boil Conservation Service, United States 
Department of Agriculture, a study of the optimum conditions for the 
germination of the seed of Sj^oroholus spp. was begun in 1935. Hoover 
(22y states that these grasses can be used widely in erosion-control 
work because of tlieir adaptation to the climatic and soil conditions 
of the Great Jdains and the Southwest. In addition to the practical 
importance of the germination behavior of the seed of these plants, 
the material furnished an opportunity to study the diverse behavior of 
several species of a genus with an unusual and variable fruit structure 
Witli some species there were enough samples to study the variability 
and differences in response to various treatments within the species. 

EARLIER INVESTIGATIONS 

Giuh-in (16) reported that the strongly developed pericarp of 
Sporobolus tenamssirnusj of S. macrospermus, and of S. ciliatus pre- 
s(uits a. very specialized structure in which almost the entire pericarp is 
transformed into mucilage of such a nature that under tlie influence of 
the least trace of water the seed is liberated. In S. heterolepsifi tlie outer 
layers of the fruit coat are strongly sclerifled, and only the inner zone is 
composed of mucilage. .The seed coat in Sporobolvs is considerably 
developed. 

Jackson (23) stated that the seed coat of Sporobolus prevents water 
absorption, but no data were ])resented in support of the statement. 
She germinated the seed at constant temperatures of 25° or 35° C. 
on blotting paper in Petri dishes or in sandy loam. She found that 
shaking the seed with sand from 4 to 9 hours was of no benefit. 

Blake (J) reported that seed of Sporobolus a.Hper varied in response 
from year to year. She stated that the germination of the seed 
improved with age under the conditions she used. 

Wilson working with Sporobolus strictus, S. cn/ptandrusj S. 

flexuosns, S. ivrightiiy and S. airoidesy found that with tlie exception of 
iS'. airoides the seeds did not germinate at all well without scarifying. 
He stated that the seed coats were almost impervious to water. He 
obtained over a 6-year period an average germination of 3.75 percent 

1 Received for publication January 28, 1941. Investigations conducted in the former Division of Seed 
Inve.stigat.ions, Bureau of Plant Industry, U. S. Department of Agriculture. 

2 Grateful acknowledgment is made to the following members of the Bureau of Plant Industry: To K. H. 
Toole, for suggestions and criticisms throughout these investigations; to Robert C. Hess, Jr., for assistance 
with the preparation of the material: to Albina F. Musil, for assistance in cheeking the seed identifications. 
Acknowledgment is also made to A. E. Brandt of the Soil Con.servation Service for assistance with the 
.statistical analysis. 

2 Italic numbers in parentheses refer to literature Cited, p. 714. 
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for S, cryptandruSf 1.11 percent for S, flexuosus, 1.54 percent for S. 
strictusy 13.17 percent for S, wrightiiy and 35.69 percent for S, airoides. 
The germination tests were made at a temperature alternation of 
20° to 30° C. 

The extensive literature on dormancy and on the physiology of 
germination will not be reviewed here, but pertinent papers will be 
mentioned in the discussion of results. 

MATERIAL AND METHODS 

The following species were included in this study: Sporobolus 
cryptandrus (Torr.) A. Gray, sand dropseed; S. flexuosus (Thurb.) 
Rydb., mesa dropseed; S, contractus Hitchc., spike dropseed; S. 
giganteus Nash, giant dropseed; S, airoides (Torr.) Torr., alkali 
sacaton; S, wrightii Munro., sacaton; and 8. asper (Michx.) Kunth. 
The seed was furnished by M. M. Hoover of the Soil Conservation 
Service from various regional plantings and from collections of native 
plants, and by the Division of Forage Crops and Diseases, Bureau 
of Plant Industry. Also one sample (No. 769232) was collected from 
wild plants by Mary Thayer, of the Seed Laboratory, Kansas State 
College of Agriculture and Applied Science. The origin, date of 
collection, and other historical data on the samples are given in table 1 

After receipt, the seed was stored in the laboratory at room tempera- 
ture. The seed as received was cleaned by means of an air-blast 
blower and sieves. Only fully developed caryopscs were used in the 
study, but in these were sometimes included seed of varying sizes. 
The ^^seed” as referred to in tins paper includes the true seed with 
attached pericarp and, in some cases, with the lemma and palea. The 
seed was put to germinate in Petri dishes on paper toweling moistened 
with tap water or with a 0.2-percent solution of potassium nitrate, at 
various constant and alternating temperatures. The alternation of 
temperatures was secured by transferring the test from one chamber 
to another. The test was at the first temperature listed for 17 hours, 
and at the last temperature for 7 hours daily. In order to obtain 
light in combination with a high temperature an alternation of room 
temperature to 35° C. was used. The tests were placed in the north 
window in an air-conditioned room from 4 p. rn. until 9 a. m. and at 
35° from 9 a. rn. until 4 p. m. The room temperature varied between 
16° and 24° but was maintained at near 20° much of the time except 
during the summer. The 20° to 30° alternation, with light exposure, 
was obtained by using a specially built daylight germinator for the 
30° temperature. 

To prechill, the seed was placed on the moistened paper toweling 
in the Petri dishes and held at 3° C. for the designated number of 
days prior to being placed at the germination temperature. The 
temperature of the 3° chamber varied between 2° and 5°. The date 
of counts was calculated from the day the seed was placed to prechill. 

For sulfuric acid treatments, the seed was placed in a small porcelain 
crucible, covered with an excess of the acid, and stirred constantly 
for various lengths of time, after which it was washed in running tap 
water for 30 to 45 minutes and dried thoroughly before being tested 
for germination. The concentrated sulfuric acid used had a specific 
gravity of 1.84 and was of at least 94-percent concentration. Sul- 
furic acid approximately 71 percent by volume (approximately 80 
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Probably a mixture; some seeds smooth, like S, cryptandrus, most of them striate, like S. contractus. 
Not very sure of identification of this group. Apparently contains some S. cryptandrm. 



694 


Journal oj Agricultural Research 


Vol. 62, No. 12 


percent by weight) was secured by diluting 3 volumes of acid with 
1 volume of distilled water. 

The sprouted seeds were counted on the third, fifth, and seventh 
days after being placed at germination temperatures and at 7-day 
intervals thereafter. It was necessai-y to count the sprouts often 
during the first week, especially in tests with treated seed, because 
germination was rapid under proper conditions. Seeds that produced 
a normally developed root and shoot were considered as gciminated. 

The germination values summarized in the various tables are means 
based on duplicate tests of 100 seeds each. In tables 2, 5, 6, 14, 15, 
and 16, half percents have been raised to the next higher percentages. 
In tables 3, 4, 8, and 11, value for error and tests of significan(‘.c have 
been calculated by the analysis-of-variance method as adapted by 
Snedecor (31), Differences have been designated significant when 
the probability is equal to or less than 5 percent and highly significant 
when equal to or less than 1 percent. Mean squares marked with 
an asterisk (*) are significant with reference to error and marked witli 
a double asterisk (**) are highly significant with reference to error. 

EXPERIMENTAL RESULTS 

SPOROBOLUS CRYPTANDRUS 
Germination of Intact Seeds 

Five samples of seed of Sporobolus crypiandrus were tested at a 
wide range of constant and alternating temperatures, in some cases 
with definite light exposure, in order to determine the general response 
to temperature and light. The effect of potassium nitrate in the 
germination medium was also determined. Results are given in table 
2. In general, germination was best at the room temperature to 35° 
C. alternation, in which the seed received some light from a north 
window while at a room temperature varying around 20°. When the 
seed had no pretreatment, room temperature to 35° alternation, with 
one exception, was definitely superior to any combination that included 
a temperature continuously above 20° for the longer period or above 
35° for the shorter period of the alternation. Germination at 15° to 
35° alternation was somewhat better than at 20° to 35°, and at either 
of these temperatures it was much superior to 20° to 30° alternation 
with light. Constant temperatures produced negligible results, but 
35° constant was superior t^ 10°, 15°, 20°, 25°, or 30°. Potassium 
nitrate was beneficial, especially at the more favorable temperatures. 

In order to determine more definitely the effect of light at room 
temperature to 35° C. alternation during May 1936, a check test of 
sample No. 757544 was placed in a tin box to exclude all light. 
(Results are not given in tabular form.) Germination with light 
excluded was 15 percent with nitrate and 10 percent with water, 
compared with 67 percent with nitrate and 31 percent with water on 
the test exposed to light. The results at room temperature to 35° 
with light excluded were comparable to those at 20° to 35° (24 percent 
with nitrate and 8 percent with water). 

With some samples a much higher germination percentage was 
obtained after the seed had been prechilled at 3° C. A more detailed 
study was made of the effect of prechilling, the results of which will be 
presented later. Results not given in the tables indicated that storing 
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Table 2. — Germination in 49 to 66 days of five samples of seed of Sporobolus 
cryptandrus at various temperatures 


Germination in tests begun on indicated date with specified treatment of 
sample No. — 


Prcchilling 

jHTiod 

(days) 

Germination 

temperature 

C.) 

757544 

760903 

766904 

769223 

769232 

Mav 10, 
1935 

Nov. 22, 
1935 

March 26, 
1930 

Jau. 13, 
1938 

Jan. 19, 
1938 

Sept. 7, 
1938 

Sept. 12, 
1938 



s . 


B 




B 


B 


3 


B 




s .2 






3 S 




3^ 






1.1 

fe 

11 

ii 

V 

11 

ht 

1.1 

fe 

1.1 


l.i 

o 

'm g 




n O 

cs 

o a 

cs 

o a 

GO 


ed 

o a 

eo 

o o 

ed 


cd 



Pm 


ftn 


Pm 


Pu. 


Pm 





if 



Pci. 

Pet. 

Pci. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

.... 

Pet. 

Pet. 

0 

10. 

0 

0 













0.. 

15 

1 

1 













() . 

2(» 

1 
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0 

25. . 

0 

0 













0 . 

30. - 

3 

1 










- 



0 - 

35 - - 

21 

3 
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10 to 25 . . 

11 

2 













0 

15 to 25. . 

4 

2 













0 

10 to room . , . 

2 

1 













0 

10 to 30 

25 

4 













0 

10 to 35- .. 



55 

25 











0 _ . 

15 to 35 . 



77 

49 

02 

34 

77 

42 

19 

12 





0 

25 to 15 

2 

0 













0 .. 

35 to 10 

11 

0 













0 

20 to 30 with 

2 

1 

27 

13 

10 

9 

33 

10 

3 

1 

5 

2 

20 
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0. 

20 to 35 

9 

13 

43 

18 

10 

4 

07 

20 

10 

5 

10 

10 

78 

27 

9 .. j 

Room to 35 

54 

29 

70 

43 

93 

76 
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50 

01 

12 

13 

7 

87 

25 

0 
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00 

40 

10 

5 

19 

6 

70 

23 

0 
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57 

28 
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7 
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28 

’ io 

7 

90 

72 

24 

17 






Room to 35 



50 

18 

88 

70 

97 

83 

51 

10 
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15 to 35 
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77 

25 

10 





14 

20 to 35 .. ... 
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41 

43 

12 

97 

83 

30 

13 

70 

51 

8(t 

59 

M 

Room to 35 
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27 

80 

40 

97 

79 

92 

75 

50 

19 

75 

51 

90 

57 

M 

15 to .35 







})3 

80 

52 

31 





21. - 

20 to 35 . . . 
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70 

75 

40 

93 

81 

44 
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21 
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72 

35 
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85 

92 

7U 

55 

17 





21.. .. 

15 to 35 .. . 

1 





80 

84 i 

48 
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98 
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97 

86 
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87 

85 

88 
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51 
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34 
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the seed dry at 2° did not liave tlie effect obtained by prechilling moist 
seed at 3°. 

Although with some samples practically complete germination of 
the viable seeds was obtained at room temperature to 35° C. alterna- 
tion when the substratum was moistened with potassium nitrate, other 
samples appeared to be resistant to the combined effects of tempera- 
ture, light, and nitrate and to require additional treatment. In later 
work on pretreatment of the seed, room temperature to 35° alterna- 
tion was used as the standard temperature, but the 20° to 35° alter- 
nation was continued as a check, since it approximated the same 
temperature range with a better control of the lower temperature. 

Treatment with Sulfuric Acid 

In order to determine the possible effect of the seed covering in 
restricting germination, seed was treated with sulfuric acid. Pre- 
liminary trials with concentrated sulfuric acid (94 percent) caused 
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injury to the seed, and germination results were low. Untreated 
seed and seed treated for 1, 2, 5, 7, and 9 minutes with approximately 
71-percent sulfuric acid were germinated with potassium nitrate and 
with water at room temperature to 35° C. alternation and at 20° 
to 35° alternation. The germination results with 8 samples, untreated 
and treated for 2 and 5 minutes, are given in table 3. 

In this, as well as in subsequent tables, the variance for duplicates 
was very low in comparison with the variance for sample interaction, 
indicating uniformity of conditions of g(irmination. 

There was a veiy highly significant difference between the mean 
results for the two germination-temperature treatments and between 
potassium nitrate and water. Pretreatment with approximately 
71 -percent sidfuric acid overcame the resistance to germination. 
A 5-minute acid treatment was significantly better than a 2-minute 
acid treatment. In general, however, treatment for 2 minutes was 
sufficient when followed by germination at room temperature to 
35° C. alternation with the use of potassium nitrate. This length of 
treatment was not injurious even to those samples that germinated 
well without treatment. Sample No. 272727 required a longer 
treatment (5 or even 7 minut(‘s) for maximum germination. Five- 
minute treatment caused injury to sample No. 0-1949, which ger- 
minated well without treatment at the optimum conditions. In all 
cases tried, treatment for 9 minutes was injurious. The highly 
significant interaction between the germination temperatures jind 
the acid treatments is brought about by the very low results for the 
untreated seed at the less favorable temperature. In a f(?w trials at 
the optimum condition a 1 -minute acid treatment was almost as 
good, or as good, as the 2-minute treatment. 

Table 3. — Germination in 28 days of seed of Sporobolus cryptandrus at 2 temperature 
alternations after treatment with approximately 71 -percent sulf uric acid^ November 
1938 

ORIGINAL DATA 


Oormination after acid treatment for indicated period at — 


Treatment of substratum 
and sample N o. 

Obser- 

vations 

Room temperature to 35° C. 

20° to 35° C. 

0 min- 
ute 

2 min- 
utes 

6 min- 
utes 

Mean 

0 min- 
ute 

2 min- 
utes 

6 min- 
utes 

Mean 

Potassium nitrate: 

Number 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

766904 

2 

67. 5 

97.5 

94. 0 

86.33 

10.6 

95.0 

89.0 

64.83 

100 

2 

53.5 

96.0 

99.5 

82.67 

5.5 

76.5 

94. 5 

68.50 

1256 

2 

55.5 

97.5 

89.0 

80.67 

20.0 

90.0 

87.6 

65.83 

272727 

2 

54.5 

63.5 

85.5 

67.83 

6.0 

57.5 

Gl.O 

41. 17 

709223. 

2 

30.0 

78.6 

78.5 

62. 33 

16.6 

52.0 

81. 5 

49. 67 

101... 

2 

90.0 

96.5 

99.0 

95. 17 

6.5 

76.0 

95.0 

69. 17 

769232 

2 

91.0 

91.5 

89.0 

90.50 

87.0 

91. 5 

86.5 

88. 33 

0-1949 

2 

98.0 

99.5 

78.0 

91.8:i 

62.0 

93. 5 

68.0 

74.50 

Total or mean 

16 

67.50 

89.93 

89.06 

82. 16 

26.60 

78. 87 

1 

82.87 

62.75 

Water: 







1 '■ 



766904 

2 

27.6 

87.5 

90.5 

68.50 

9.0 

79. 5 

87.0 

58. 50 

100 

2 

9.6 

44.0 

86.6 

46.33 

2.6 

32.6 

47.0 

27. 33 

1256 

2 

21.5 

86.0 

86.0 

64.50 

5.0 

66.0 

68. 5 

46. 16 

272727.... 

2 

27.5 

22.0 

48.5 

32.67 

0.6 

14.5 

37.6 

17.60 

769223.... 

2 

16.0 

60.5 

78.6 

48.3:1 

14.5 

31.6 

69.6 

38.60 

101- 1 

2 

68.5 

71.6 

84.5 

74.83 

3.0 

39.6 

66.5 

36.33 

769232 

2 

48.6 

75.0 

71.6 

65.00 

15.0 

76.0 

72.0 

54.33 

0-1949 

2 

66.6 

97.0 

73.0 

78.60 

17.6 

86.0 

86.0 

66.60 

Total or mean 

16 

36.66 

66.69 

77.25 

59.83 

8. 37 

63.06 

64.25 

41.89 

Grand total or mean.. 

32 

51.53 

78.31 

83. 15 

70.99 

17.43 

65.06 

73.66 

5^32 
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Table 3. — Germination in 28 days of seed of Sporoholus cryptandrus at 2 temperature 
alternations after treatment with approximately 71 -percent sulfuric acidj November 
1 938 — Continued 

ORIGESTAL DATA— Continued 


Treatment of substratum or germination 
temperatures 

Total 

observa- 

Moan germination after acid 
treatment for — 

tions 

0 minutes 

2 minutes 

5 minutes 

Mean 

Potassium nitrate 

Number 

32 

Percent 

47.00 

Percent 

84.40 

Percent 

85.96 

Percent 
72. 45 

Water _ 

32 

21.90 

69.87 

70.75 

50.80 

Room temperature to 35® C._ 

32 

51. 53 

78. 31 

83. 15 

70.99 

20° to 35° C - 

32 

17.43 

05. 90 

73. 56 

52. 32 

All treatments 

04 

34. 48 

72. 13 

78.35 

61.65 



ANALYSIS OF VARIANCE FOR ALL TREATMENTS 


Source 

D.F. 

Mean square 

F 

Between samples - i 

7 

3, 809. 04 


A (2 V. 5 minutes) - - 

1 

1, 237. 53 

2.65 

B (2-f5 minutes v. twice 0 minutes) 

1 

70, 905. 01 

**152. 15 

C (KNO* V. HsO) 

1 

22,381.92 

**48. 03 

D (temperaturei v. temperatures) 

1 

16, 744. 00 

**35. 93 

BXD— — - 

1 

5, 704. 17 

**12.24 

other interactions . 

6 

335. 48 


Error (sami)le X treatments) _ - 

77 

400. 01 


Between duplicates 1 

96 

26. 39 


'J’otal - - - - 

191 








ANALYSIS OF VARIANCE FOR 2- AND 6-MINUTE ACID TREATMENTS 


Between samples , 

A (2 V. 6 minutes) . 

C/ (KNOa V. H3O) - 

D' (temperaturei v. t(?mperaturc3) 

Interactions 

Error (sample X treatments) 

Between duplicates.-- 

Total 


i 

2, 773. 08 
1,237.53 
12,040.50 
3, 850. 03 

241. 54 

301.55 
26.53 1 

1. 

*4. 10 
**41.92 
**12. 77 









COMPAKISON OF PllEClIILLlNG AND AciD TREATMENTS 

The gennination results of eight samples after prcchillmg for 14, 28, 
and 56 days at 3° C. and after a 2-minutc treatment with approxi- 
mately 71-percent sulfuric acid are given in table 4. Prechilling for 28 
or 56 days was superior to prechilling for 14 days, l^iken as a whole, 
the 2-minute treatment with acid was significantlj^ superior to the 
prechilling treatments. With cither prechilling or acid treatment, 
the use of potassium nitrtate gave increased germination. 

Size op Seed and Germination 

The cleaned seed of sample No. 769223 was quite variable in size. 
On September 7, 1938, a portion of the sample was passed through 
sieves, and the different seed sizes were germinated separately. The 
results are given in table 5. The results after prechUling represent 
the full value of the sample for the different groups as the seed either 
germinated or decayed. The smaller seed had less potential viability 
than the larger and was benefited less by prechilling, indicating a less 
resistant seed coat. This was the only sample of Sporobolus cryptan-- 
drus studied that did not have a potential germination value of more 



698 


Journal of Agricultural Research 


Vol. 62, No. 12 


than 90 percent. When the smaller seed had been sieved out, the 
germination value of the remainder of the sample was above 90 percent. 


Table 4. — Germination in 84 days with room temperature to 35^ C. alternation of 
eight lots of Sporoholus cryptandrus seed prechilled at 5 ® for various periods or 
treated voith approximately 71 -percent sulfuric acid for 2 minutes^ November 1938 

ORIGINAL DATA 


Sample No. 

1 

Ob- I 
serva- 
tions 

Germination of seed with potassium 
nitrate after indicated treatment 

Germination of si^ed with water after 
indicated treatment 

Prechilled for— 

Acid-^ 

Mean | 

Prcehilled for— 

Acid-^ 

Mean 



14 

days 

28 

days 

66 

days 

tteated 
for 2 
minutes 

14 

days 

28 

days 

56 

days 

ti eatud 
for 2 
minutes 


Num- 

Per- 

Per- 

Per- 


Per- 

Per- 

Per- 

Per- 


Per- 


ber 

cent 

cent 

cent 

Percent 

cent 

cent 

cent 

cent 

Percent 

cent 

766904. 

2 

86.6 

82.5 

82.0 

97.5 

87. 12 

65.5 

78.5 

80.0 

87.5 

Ti. 87 

100 

2 

36.0 

56.5 

6:1.5 

95.0 

62. 75 

10. 0 

13.0 

21.0 

44.5 

22. 12 

1256 

2 

62. 5 

81.0 

86.5 

97.5 

81.87 

:ii.o 

42. 5 

61.6 

86.0 

56. 25 

272727 . 

2 

74.0 

71.5 ' 

96.0 

67. 5 

77. 25 

57. 0 

62.0 

79.0 

23.5 

55. 37 

769223 

2 

83.0 

85. 5 

74.5 

80.5 

80. 87 

[ 45.0 

1 89.0 

87.5 

62. 6 

71. (K) 

101 

2 

81.6 

87.0 

74.0 

96.5 

84.76 

44.0 

66.0 

29.0 

71.5 

50. 12 

769232 

2 

91.0 

90.5 

93.0 

92.0 

91.62 

85.0 

85.0 

84.0 

75.6 

82. 37 

O-1940... 

2 

92.0 

100.0 

90.5 

99.5 

95.50 

50.0 

81.5 

71.0 

97. 0 

74. 87 

Total or mean. . 

16 

75,81 

81.81 

82.60 

90. 76 

82. 72 

48.44 

63.44 

64. 12 

68. 50 

61.12 


Mean Rermination for all samples at 
indicated treatment 


Treatment of substratum 

observa- 

tions 

Prechilled for - 

Acid- 

treated 




14 days 

1 

28 days 

66 <lays 

for 2 
minutes 

1 

Potassium nitrate and water 

Number 

32 

Percent 
62. 12 

Percent 
72. 62 

1 

Percent 
73. 31 

Percent 
\ 79. 62 

1 

Percent 

71.91 


ANALYSIS OF VARIANCE FOR ALL TREATMENTS 


Between samples. . 
A(KN03 V. HjO). 


B (rrechilling v. acid) 

C 04 V. 56 days prechillinp) . 

D (14-f56 V. (2) (28) days prechilliiiR) 

Treatment interaction 

Error (sample X treatment) 

Between duplicates 


D. F. 

Mean square 

7 

3, 346. 23 

1 

14. 921. 28 

1 

2,631.76 

1 

2, 002. 56 

1 

513. 62 

3 

146. 53 

49 

434. 46 

64 

28. 96 

127 



ANALYSIS OF VARIANCE FOR PRECHILLED TREATMENTS 


Between samples 

A(KN08V. HaO) 

C' (14 V. 66 days prechilling) 

D' (14+66 V. (2) (tS) days prechilling). 

Treatment interactions 

Error (sample X treatment) 

Between duplicates 


7 

1 

3, 673. 32 
10. 966. 37 

•*39.94 

1 

2,002.66 

♦7.29 

1 

613. 62 

1.87 

2 

216.00 


36 

274.68 


48 

20. 19 

1 

95 

! ' * ' 




June 16 , 1941 Factor s Ajffecting the Germination oj Dropseed Grasses 699 


Table 5. — Germination in 4'^J days of seed of Sporobohis cryptandruSy sample 
76922Sj grouped according to seed size, September 1938 


Sieve size (nim.)' 

(termination of seed at room to 36° C, temiwrature alter- 
nation 

Not prcchilled 

Prcchilled 28 days 

Germinated 
with potas- 
sium nitrate 

Germinated 
with water 

Germinated 
with potas- 
sium nitrate 

Germinated 
with water 

1.016 

0.68G . 

Percent 

26 

36 

32 

24 

Percent 

3 

12 

3 

18 

Percent 

97 

91 

84 

64 

Percent 

98 

98 

89 

45 

0.610 

0.508 

Mean.. , 

29. 0 

9.0 

81.6 

82.6 


1 The seofJ passed through the indicated sieve size and was retained by the next smaller. 


Regional or Sample Difference 

There W(*r(^ differences in the degree of resistance to germination 
among the different samples of Sporobolus cryptandrus studied. 
Samples from the same State were of similar behavior. Samples from 
Texas, Arizona, Nebraska, and Wyoming did not give maximum 
germination at room temperature to 35° C. alternation with light and 
nitrate, whereas samples from Colorado, Oklahoma, Washington, 
Utah, and Kansas gave maximum germination under these conditions 
(table (5). All S. cryptandrus samples studied (except No. 769223) 
had a potential germination value of 90 percent or above. The vStates 
furnishing samples of seed having similar behavior do not form regional 
gi'oups; however, it is believed that the resistant samples came from 
localities with semi arid conditions. vSarnples that germinated promptly 
at room temperature tx) 35° alternation with nitrate are refen'cd to in 
this paper as ^'nonresistant,^^ and samples tliat required additional 
treatment as ‘^resistant.^^ 


Tabi.e 6. — Germination in 4^ days of Sporobolus cryptandrus seed of various ages 

collected in different States 


! 




Germination, with indicated treatment, 





1 

i 


at 

— 



Sample 

No. 

Stat(‘ where sam 
pie was collected 

Date of ger- 
mination test 

1 

Approx- 
imate age 
of seed 

1 

20° to 3,6° C. 

! 

Room to 36° C , 

Hoorn tem|)era- 
ture to 36^ G. 
(after prechilling 
at 3° for 28 
days) 





Potas- 


Potas- 


Potas- 1 






.sium 

Water 

sium 

Water 

sium 

W ater 





nitrate 


[ nitrate 


nitrate 





Months 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 



(Jan. 18,1938 

3 

9 

6 

61 

12 1 

37 

25 

766904.. 

Texas 

puly 26,1938 
iNov. 15, 1938 

9 

20 

6 

15 

6 


"'7S 


13 

11 

10 

68 

28 

a3 

100 

do - 

i Nov. 16, 1938 
Nov. 18, 1938 

2 

7 

3 

54 

10 

55 

12 

1256 

do_. - 

3 

21 

6 

56 

22 

71 

41 



If Apr. 16,1938 

I July 29,1938 
(Nov. 10,1938 

> 29 

4 

1 

33 

4 



272727... 

Nebraska 

i 32 
> 36 

6 

1 

1 

! 66 

0 




1 28 


62 


5 


! 1 



iFeb. 15,1939 

J 39 

5 

0 

61 

26 


....... 


Seo footnotes at end of table. 
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Table 6. — Germination in 1^9 days of Sporobolus cryptandrus seed of various ages 
collected in different States — Continued 


Sample 

No. 

State where sam- 
ple was collected 

709223.. 

Arizona... 

A810 

do 

757544 - 

Wyoming 

101 

Colorado 

776903 .. 

Oklahoma 

0-1914- 

do.. 

272728... 

do 

272720... 

Washington 

707694 — 

Utah... 

709232— 

Kansas 


Date of ger- 
mination test 

Approx- 
imate ago 
of seed 

Qermlnation, with indicated treatment, 
at— 

20® to 35® C. 

Room to 35® C. 

Room tempera- 
ture to 35® C. 
(after prechilling 
at 3® for 28 
days) 

Potas- 

sium 

nitrate 

Water 

Potas- 

sium 

nitrate 

Water 

Pota.s- 

sium 

nitrate 

Water 


Months 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

fSept. 7,1938 

15 

16 

10 

13 

7 

87 

85 

^Nov. 9,1938 

17 

10 

15 

33 

10 

85 

89 

[Feb. 10,1939 

20 

27 

15 

76 

20) 



'Mar. 3,1939 

» 14 

Tt 

14 

59 

20 

00 

50 

/May 10,1935 

27 

9 

13 

54 

29 

85 

63 

Nov. 22, 1935 

2 13 

43 

18 

70 

43 

98 

73 

Mar. 20, 1930 

2 17 

10 

4 

90 

70 

97 

85 

(May 15,1936 

2 19 

23 

8 

67 

31 

76 

42 

Sept. 15,1937 

*35 

49 

21 

89 

72 

88 

83 

July 26,1938 

*45 1 

28 

16 

14 

8 

60 

32 

[Nov. 8,1938 

*49 

32 

22 

95 

83 



Nov. 18, 1938 

1 

9 

4 

91 

69 

70 

35 

(Jan. 18, 1938 

5 

07 

26 

92 

50 

97 

86 

paly 26,1938 

11 

62 

19 

08 

33 



[Nov. 8, 1938 

15 

01 

33 

95 

50 



Nov. 21. 1938 

2 

04 

20 

99 

00 

100 

77 

(Apr. 16,1938 

1 18 

80 

72 

90 

05 

93 

74 

■July 29,1938 

1 21 

06 

50 

73 

64 



Nov. 14, 1938 

» 25 

63 

6() 

98 

85 

96 

90 

Apr. 16,1938 

129 

04 

02 

98 

95 

97 

94 

July 28, 1938 

1 32 

82 

79 

82 

73 



Nov. 8,1938 

»30 

70 

08 

97 

98 



Mar. 7,1938 

1 

57 

25 

90 

78 

96 

"97 

July 28,1938 

6 

83 

45 

75 

34 




[Nov. 8, 1938 

9 

85 

42 

97 

83 



fSe.pt. 12, 1938 

1 

78 

27 

87 

25 

88 


\Nov. 9,1938 

2 

i 

87 

17 

92 

56 

92 

84 


1 Actual dale of collection not known. 

3 Bastid on assumption that seed was collected in fall of 1934. 

Change with Age 


In general, germination was higher for all samples at room temper- 
ature to 35° C. alternation than at 20° to 35° whatever the age of the 
seed when tested (table 6). The beneficial effect of light during gemii- 
nation was observed for seeds up to at least 3 years old. A consist- 
ent change of germination with age of the seed was not evident when 
it was germinated at 20° to 35° alternation. At room temperature to 
35° alternation seed germination was very low during the summer 
months, as the room temperature was more nearly 25° than 20° dur- 
ing this period. Except in these summer tests, there was a general 
increase of germination at room temperature to 35° alternation as 
the seed became older up to 4 years, when the experiment was termi- 
nated. The nonresistant samples that germinated well at the first 
test at room temperature to 35° alt/ernation with potassium nitrate 
showed increased germination with age of seed when moistened with 
water. With the exception of one sample that gave practicidly com- 
plete germination with water, the use of potassium nitrate increased 
germination markedly for seed of all ages. A combination of both light 
and potassium nitrate was essential for maximum germination. Tests 
that had been prechilled at 3° for 28 days and then placed at room 
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tomperatiire to 35° alternation tended to show better germination as 
the seed became older; the ilifference was most striking when water 
was used to moisten the substratum. 

In the foregoing experiments the tests remained in tlie germinator 
for a long period to give fidl opportunity for all germination possible. 
However, very little germination occurred after 21 days for either 
treated or untreated seed, and in some cases there was little germina- 
tion after 7 or 14 days. 


SPOROBOLUS FLEXUOSUS 
Germination of Intact Seeds 

The effect of the constant temperatures 20°, 25°, 30°, and 35° C. 
and of the temperature alternations 15° to 25°, 20° to 30° with light, 
10° to 35°, 15° to 35°, 20° to 35°, room temperature to 35°, 20° to 40°, 
25° to 40°, and 35° to 10° was determined on the germination of fresh 
and older seed of Sporoholus ffexuosus in February 1938. The seed 
was germinated w^ith potassium nitrate and with water. Tlie seed 
germinated very poorly and ])ractically in the same ])roportion at all 
tem])eratures, and lutrate and light appeared to Inive no effect. The 
highest germination obtained was 15 ])er(^ent. The results are not 
given in tabular form. 

Treatment with Sulfuric Acid 

On November 29, 1938, seed of four samples of Sporobolus fiexuosvsj 
untreated and treated with approximately 71-perccnt sulfuric a(*id for 
4 minutes, was germinated at room temperature to 35° C. alternation 
and at 20° to 35° wdth the use of potassium nitrate and of tap water. 
The residts of the germination tests are given in table 7. In every case 
germination of untreated seed was less than half the mean germination 
of untreatcal seed and seed treated 4 minutes, indicating a signifiiamt 
effect of acid treatnieid for 4 minutes. The use of ])otassium nitrate 
w^as not beneficial. Kesults at the tw o germination temperatures w^re 
similar. 

On February 20, 1939, three of these samples of aS. flexuosus, im- 
treati^d and treated with sulfuric acid for 4 and 7 minutes, were 
germinated under the same conditions as in the November tost. The 
results of the germination tests are given in table 8. Maximum 
germination was obtained in 21 days, A 4-minute treatment was 
definitely superior to no treatment and to a 7-minute treatment. 
A 7-minute treatment appeared to injure some of ibe seeds. A few 
tests with a 2-minute treatment indicated that a longer period of 
treatment was necessary. There was no differcuice in the results at 
the two germination conditions, indicating that the light received at 
room temperature was of no benefit. There was an indication of a 
slight benefit from tlie use of potassium nitrate. 

After transformation of the original data of table 8 to angular 
values by the use of table 12 of Fisher and Yates (13), an analysis of 
variance and tests for significance did not indicate any different 
conclusions from those based on the original values. 

The intact seed of the three samples tested in November 1938 
and again in February 1939 showed no afterripening effect in 3 
months^ time. 
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Table 7. — Germination in 66 days of seed of Sporoholua flexuosua at two temper- 
ature alternations ^ with and without treatment with approximately 71-perceni 
sulfuric acidy Nov. 29^ 1938 




Germination after indicated period of acid treatment at— 

Treatment of substratum and 
sample No. 

Obser- 

vations 

Room temperature to 35® C. 

20° to 35® C. 


0 min- 
ute 

4 min- 
utes 

Mean 

0 min- 
ute 

4 min- 
utes 

Mean 

Potassium nitrate; 

Number 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

767711. 

2 

20.0 

63.0 

41.50 

13.5 

58.0 

35. 75 

767741.. . 

2 

5.5 

59.5 

32. 50 

6.0 

57.5 

31.76 

767280.. . 

2 

6.0 

95. 5 

50.75 

5.0 

94.5 

49. 75 

767283 

2 

9.5 

88.0 j 

48. 75 

9.5 

80.5 

45.00 

Total or moan.. 

8 

10. 25 

76.50 

43. 37 

8.50 

72.62 

40. 66 

Water: 

767711 


11.5 

52. 5 

- 

32.00 

7.0 

.51. 0 

29. 00 

767741.... 

2 

1 1. 5 

51.5 

31. 50 

7.0 

58.5 

32. 75 

767280 - 

2 

5.5 

94.5 

50.00 

6.0 

94. 5 

50. 25 

767283 

2 

6.5 

82.0 

44. 25 

9.0 

87.0 

48.00 

Total or mean . 

S 

8. 75 

70.12 

39. 43 

7. 25 

72. 75 

40. 00 

Total or mean 

16 

9. .50 

73. 31 

41.40 

7. 87 

72. ()8 

40.28 


Tnmtraont; of substratum 


Pota.s.sium nitrate 

Water... 

Potassium nitrate and water 


Total 
observa- 
t ions 

Mean germination for the 2 
temi)erature alternations 

Omin- 

Ut(5 

4 min- 
ute's 

Mean 

Number 

Percent 

Percent 

Percent 

16 

9. 37 

74. 56 

41.96 

16 

8. 00 

71.43 

39. 71 

32 

8.68 

72. 99 

40.84 


Table 8. — Germination in 21 days of seed of Sporoholus flexuosus at two tempera- 
ture alternations^ with and without 71-percent sulfuric acid treatments^ Feb. 20^ 
1939 

OKICUNAL DATA FOR ROOM TEMPERATURE TO ^5^ C. 



Observa- 

tions 

Germination after acid treatment for-- 

Treatment of .substratum and sample No. 

0 min- 
ute 

4 min- 
utes 

7 min- 
utes 

Mean 

Potassium nitrate: 

767711 . 

Number 

2 

Percent 

15.0 

Percent 

84.0 

Percent 

04.0 

66.0 
58.6 

Percent 

64.33 
, 46. 16 

50. 33 

767741 

2 

6.0 

66 5 

767283 

2 

3.0 

89.5 



Total or moan . . , 

6 

8.0 

80.0 1 

62. 83 

| 60. 27 



Water: 

767711 ... 

2 

9.0 

76.0 

60.6 

57. 5 
61.0 

48.50 

767741 . 

2 

4.5 

60.5 

40. 83 

767283 

2 

6.0 

83.6 

46.83 


Total or mean 

6 

6.6 

73. 33 

56. 33 

46. 38 



Total or mean 

iT 

7. 25 

76. 67 

6i). 58 
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Table 8. — Germination in 21 days of seed of Sporoholus flexuosus at two tempera* 
lure alternations, with and without 71-percent sulfuric acid treatments, Feh. 20, 
1939 — Continued 


ORKHNAL DATA FOR 20° TO 35° C. 


Treatment of substratum and sample No. 

Observa- 

tions 

Gcriniiiation after acid treatment for - ■ 

0 nun- 
ute 

4 min- 
utes 

1 7 min- 
utes 

Mean 

Potassium nitrate; 

Number 

Percent 

Percent 

Percent 

Percent 

707711 - _ 

2 

8.5 

71. b 

52. 5 

40. 10 

707711 . . 

2 

7.0 

71.0 

01.5 

40. 50 

7072S3- - - - 

2 

7.5 

88. 5 

55. 0 

50. 33 

Total or nv\au . .. - 

0 

7. 07 

79.0 

50.33 

47. 00 

Water: 






707711 - - 

2 

9.0 

71.5 

45, 5 

42. (K) 

707741 .. . 

2 

4. .'■) 

07. 5 

51.5 

41. 17 

707283 - 

2 

0.0 

85. 0 

39. 0 

43. 33 

'I'otnl or iiK’an .. ! 

0 

0.50 

74. 00 

45. 33 

42. 17 

Total or mean 

12 

7.08 

70. 83 

50. 83 

44.91 


MEAN FOR THE 2 TEMPERATURE ALTERNATIONS 




1 

12 

7.83 

1 79. 50 

59. 58 

Water - - 


I 

12 i 

0. 50 

i 73.99 

50. 83 

Water and ijotassium nitrate 


I']'"' ! 

24 

7. 10 

70.74 

55. 20 


i 



ANALYSIS OF VAKIANUE FOR ALL TREATMENTS 


Source 


TJetweeii sani|)les .. 

A (1 V. 7 minutes aeid troatment') . . . 

B (4+7 minutes v. (twice) (0) iiiinute acid treatment 

0 (KNOn V. IDO) - 

1) (temperaturei v. teuipernture 2 ) 

Treatment iuteiaetioris 

Error (sHinplo X treatment V ' - 

Between duplicates - - 

'Potal * — 


D. F. 

Mean square 

P 

2 

132. 04 


1 

5. 508. 52 

*♦ 58. 05 

1 

55. 342. 50 

570. 90 

1 

485. 08 

* 5, 00 

1 

153. 12 

1. 00 

7 

73.02 1 


22 

9.5.92 


3(i 

24.93 


71 






ANAIiYSLS OF VAIUANTE FOR 4- AND 7-MINU'I'E AtTl) TREATMENTS 


Between sam])les _ . 

A (4 V. 7 minut<‘S acid treatmcMit) 

O' (KNO, V. H 2 O) 

D' (temj)eratiirei v. temperature;) , 
Treatment interactions . _ . 

FaTor (sample X treatment) 
Between duplicates . . 

Total - 


2 

140. 19 


1 

5, 508. 52 

**41.45 

1 

009. 19 

4. 53 

1 

221.02 

l.(Vl 

•1 

77. 19 


14 

134.35 

_ 


30. 39 









Comparison of Prechillincj and Acid Treatments 

In a tost begun Nov(Mnber 29, 1938, the elTect of prechilling the seed 
at 3® C. for 28 days was determined in comparison with that of a 
4-minute sulfuric acid treatment. The pretreated samples were 
germinated at room temperature to 35° alternation with potassium 
nitrate and with tap water. The resxdts of the germination tests are 
given in table 9. The acid pretreatment is better than the prcchilling 
treatment. Only one prechilled sample showed more benefit from the 
use of potassium nitrate than water. 
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Table 9. — Germination in 56 days of seed of Sporobolus flexuosua at room temper- 
ature to 85"^ C, alternation after prechilling or treatment with sulfuric acid Nov, 89, 
1938 


Sfimple No. 


Germination with iwtassium nl ■ i 
trate after indicated treatment 

Germination with water after 
indi(»te(l treatment 

tions 

Prechilled ' 
28 days at 
3“ C. 

71 -percent 
HjS 04 for 

4 minutes 

Mean 

Prechilled 
28 days at 
3®C. 

71-T)ercent 
II1SO4 for 
•1 minutes 

Mean 


Number 

Percent 

Percent 

Percent 

Percent 

Percent 

I^rcent 

707711 

2 

45.5 

63.0 

64.25 

25.0 

52. 5 

38. 75 

707741 ... 

2 

17.0 

59.5 

38. 25 

20.5 

51.5 

30.00 

707280 

2 

21.5 

95.5 

68.60 

18.0 

94.5 

50.25 

727283 - 

2 

32.0 

! 88.0 

60.00 

36.5 

82.0 

59. 25 

Total or mean . 

8 

29.00 

76. 50 

i 

52. 75 

25. 0 

70. 12 

47.56 


Treatment of substratum 

Total 

observations 

Mean germination fur all sam- 
ples at indicated treatment 

Moan 

Germination 
after prcchlll- 
ing 28 days at 
3“ C. 

Germination 
after treatment 
with 71 -percent 
II1SO4 for 4 
minutes 

Potassium nitrate and water 

Number 

10 

Percent 

27.00 

Percent 

73. 31 

Percent 

50. 15 


SPOROBOLUS CONTRACTUS 
Gekmination of Intact Seeds 

The effect of constant temperatures of 10°, 15°, 20°, 25°, and 35° 
C. and of temperature alternations of 15° to 25°, 20° to 30° with light, 
10° to 35°, 15° to 35°, 20° to 35°, room temperature to 35°, 20° to 40°, 
25° to 40°, and 35° to 10° was determined on the germination of fresh 
and older seed of Sporobolus contractus in, February and March 1938. 
Although all the results were low (0 to 45 percent), they indicated that 
the tiighor constant temperatures werci better than the lower constant 
temperatures and that the temp(!rature alternations that included 
higher temperatures were better than the lower temperature altenia- 
tions. The use of potassium nitrate was of some benefit at the more 
favorable temperatures. These results are not given in tabular form. 

Theatment with StiEFUEic Acid 

On November 28, 1938, untreated seed of Sporobolus contractus 
and seed pretreated with approximately 71 -percent sulfuric acid for 
4 minutes were germinated at room temperature to 35° C. alterna- 
tion and at 15° to 35°. The effect of potassium nitrate was also 
included in this study. The results of the germination tests are given 
in table 10. The results with the 4-minute acid treatment arc decidedly 
better than with no treatment. The 15° to 35° alternation was superior 
to that of room temperature to 35° for the untreated seed of sample 
No. 767287, but for the seed treated 4 minutes the difference in tempera- 
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ture response was not significant. The untreated and treated seeds of 
sample No. 767287 were benefited by the use of potassium nitrate at 
both temperatures. The untreated seed of sample No. 767742 ger- 
minated very little at either temperature with water or with potassium 
nitrate. 


Table 10 . — Germination in 35 days of seed of Sporoholus contractus at two germina- 
tion temperature alternationSf with and without treatment with approximately 
71-percent sulfuric acidj Nov. 28 y 1938 


Treatment of substratum and 
sample No. 

Observa- 

tions 

(lermination after indicated periods of acid treatment at — 

Room temiKjrature to 35° C. 

15° to 35° C . 

0 minute 

4 minutes 

Mean 

0 minute 

4 minutes 

Mean 

Potassium nitrate: 

7(>7287 

Number 

2 

2 

Percent 

46.6 

9.6 

Percent 

9.3.0 

73. 6 

Percent 
69. 75 
41.5 

Percent 
69. 5 
9.5 

Percent 
88.5 
67. 5 

Percent 

79.0 

38.5 

767742 

Total or moan .. . . 

Water: 

7672S7 

767742... 

Total or mean.. . 

Total or means 

4 

2 

2 

28.0 

83.25 

55. 62 

39. .50 

78. 00 

58. 75 

20.0 

7.6 

81.0 
48. 6 

5(.). 5 
28.0 

39. 0 
10.5 

82. 5 
.5.5.0 

60. 75 
32. 75 

4 

13.75 

64. 75 

39. 25 

47. 43 

24. 75 

68. 75 

46. 75 

8 

20.87 

74.00 

32. 12 

73. 37 

52. 75 

'J'reatment (tf substratum 

Total 

obS(‘rva- 

tions 

Mean germination for the 2 
temperature alternations 
aft(*r acid treamciit for— 

0 minutes 

4 minutes 

Mean 

Potassium nitrate .. 

Water ... 

Potassium nitrate and water . . 

Nit mber 

8 

8 

16 

Percent 
33. 75 
19. 25 
26. .50 

Percent 
HO. 62 
66. 75 
73. 68 

Percent 
.57. 18 
43. (M) 
.50.09 


On February 27, 1939, untreatcHl seiul of Sporobolm contractus and 
seed treated for 2 and 4 minutes with approximate!}" 71-pere(‘nt sulfuric 
acid were germinat(*(l in the same manner as described above. The 
results of the germination tests are given in UMo 11. The unt reated 
seed gave significantly lower germination than the seed treat('d for 
2 and 4 minutes. The diffi'rence between the 2- and 4-minute treat- 
ments was not significant. The results with potassium nitrate were 
not signilicantly better than the results with water. The significant 
differences among the sampl(>s cannot be attributed entir(4y to dif- 
ferences in age. Sample No. 767287, which was 20 months old, had 
afterripened some between the two tests. On the other hand, sample 
No. A8763, l-month-old seed, showed a higher germination than the 
12-month-old seed of sample No. 767742. All three samples required 
acid treatment before maximum germination could be obtained. 
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Table 11, — Germination in 56 days of seed of Sporoholus contractus at room tempera- 
ture to 35° C. alternation after treatment with approximately 71-percent sulfuric 
acid for various periods^ Feb, 27 ^ 1939 


ORIGINAL DATA 


Treatment of substratum and sample No. 

ObseTva- 

tions 

Germination after acid 
treatment for— 

Total ob- 
servations 

Mean 

germina- 

tion 

0 minute 

2 minutes 

4 minutes 

Potassium nitrate: 

Nuiidier 

Percent 

Percent 

Percent 

Number 

Percent 

707287 

2 

74.0 

90.0 

85. 5 

6 

83. 10 

707742 

2 

11.0 

08. 5 

73.5 

0 

51. mi 

A8703 

2 

51.5 

97.0 

85.0 

0 

77.83 

Total or mean 

0 

45.50 

85. 16 

81.33 

18 

70.66 

Water: 







767287 

2 

51.5 

84.5 

01. 5 

0 

65. 83 

707742 

2 

0.0 1 

53.5 

00.5 

t) 

42. 00 

A8763 

2 

38.5 1 

95. 0 

72. 5 

0 

08. 00 

Total or mean 

«_ 

32. 00 

77. 00 

00. 83 

18 

58. 83 

Potassium nitrate and water, mean 

i 12 

38. 75 

81.41 

74.08 

30 

64. 74 


ANALYSIS OF VARIANCE FOR ALL TREATMENTS 


Source 

D. F. 

j Mean scpiare j F 

Between samples., . 

2 

1 

1 

1 

2 

10 

18 

3, (H)2. 25 
322. 07 
12, 108. (M) 

1. 200. 25 
43. (K) 
331.98 

1 22. 75 

**:io. r»5 
3.80 

A (2 minutes v. 4 minutes acid treatiiuuit) 

B (2 f 4 minutes v. twice (0) minute aei(i treatment) 

CfKNOnv. H 2 O) . . ; 

Treatment interacitions ... . . . 

Error (sample X treatment) 

BcJtween duplicates 

Total . 


35 







ANALYSIS OF VARIANCE FOR 2- AND 4-MINUTE ACID TREATMENTS 


Between samples _ 

2 

998. 37 


A (2 V. 4 mmutes acid treatment) 

1 

322.07 

i.84 

C ' (KNG 3 V. UaO) 

1 

720. (M) 

4. 13 

Treatment interaction . . . 

1 

73. 50 


Error (sample X treatments) _ 

0 

175. 00 


Between duplicates.. . .. .. 

12 

12. 50 


Total- 

23 








Comparison of Prechilling and Acid Treatments 

In a test begun November 28, 1938, the effect of prochilling at 3° C. 
was determined on the seed of Sporobolus contractus. The results of 
the prechilling tests and, for comparison, the results with seed pre- 
treated with approximately 71-percent sulfuric acid for 4 minutes are 
given in table 12. The difference between the two treatments is not 
significant for sample No. 767287, but for sample No. 767742 the acid 
pretreatment is superior to the prechilling treatment. The test with 
potassium nitrate is significantly better than that with water except 
that germination of sample No. 767287 was practically complete either 
with potassium nitrate or with water when the seed had been 
prechilled. 
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Table 12. — Germination in 56 days of seed of Sporoholus contractus at room 
temperature to C. alternation after prechilling or treatment with approximately 
71 -percent sulfuric acidy Nov. 28, 1938 


Treatment of substratum and 
sampJi* No. 

Observa- 
tions for 
each 
treat- 
ment 

Germination after indi- 
cated treatment 

Total 

observa- 

tions 

Mean 

germi- 

nation 

rrechilled 
28 days 
at 3° r. 

Treated with 
approximately 
71 -percent 
iU SO 4 for 

4 minutes 

I’otassium nitrate; 

7(]7m . 

767742 

Number 

2 

2 

Percent 
91.5 
53. 5 

Percent 

93. 0 
73. .5 

Number 

4 

4 

Percent 
92. 2.5 
50 

^''otal or moan 

4 

72. .56 

83.2.5 

8 

77. 87 

Water: 

767287 

767742 . _ 

2 i 
2 

94.0 
23. 0 

81.6 
48. .5 

4 

4 

W X 

'I'otal or inoan. - 

Total or mean for both ticatinonts 

4 

8 

.58. .56 

().5. .56 

64. 7,5 

8 

61. 62 

69. 75 

74. (X) 

16 


SPOROBOLtlS GIGANTEUS 
Germination op Intact Seeds 

Tile (‘ffect of the constant temperatures of 20°, 25°, 30°, and 35° C.; 
of the t(‘inperatiire alternations of 15° to 25°, 20° to 30° with light, 
10° to 35°, 20° to 35°, room temperatim^ to 35°, 20° to 40°, 25° to 
40°, and 35° to 10°, and of prechilling at 3° for various periods was 
determined on the germination of fresh and old seed of Sporoholus 
giga/nteus. The germination in any individual constant- or alter- 
nating-temperature test was less than 20 percimt. Th(> use of potas- 
sium nitrate and of light appeared to have no effect. The percentage 
of germination could be raised by prechilling for 28 to 50 days, but 
maximum germination was not obtained. These results are not given 
in tabular form. 


Treatment with Sulfuric Acid 

Seed of Sporoholus giganteus was treated with approximately 71- 
percent sulfuric acid for 5, 7, and 9 minutes and germinated along 
with untreated seed at room temperature to 35° C. alternation with 
the use of potassium nitrate and with water. The germination 
results are given in table 13. The tests were continued for 49 days, 
but there was no additional germination after the twenty-first day. 
The treatment for 9 minutes was superior to the other treatments for 
sample No. 767281, whereas the results with sample No. A8392 showed 
the 5- and 7-minutc treatments to be superior. If the means of the 
two samples are considered, germination of the seed treated 7 and 9 
minutes is better than that of the untreated seed or the seed treated 
5 minutes. The difference between the test with potassium nitrate 
and that with water was significant for the different lengths of acid 
treatment for sample No. 767281, but was not significant for the other 
sample. 


200426—41 2 
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Table 13. — Germination in 21 days of seed of Sporoholus giganteus at room tempera^ 
lure to 35° C. alternation after treatment with approximately 71 -percent sulfuric acid 
for various periods, February 1939 


Treatment of substratum and 
sample No. 

Observa- 
tions for 
each 
treat- 
ment 

Germination after treatment for— 

Total 

observa- 

tions 

Mean 

germi- 

nation 

0 min- 
ute 

5 min- 
utes 

7 min- 
utes 

9 min- 
utes 

Potassium nitrate: 

Number 

Percent 

Percent 

Percent 

Percent 

Number 

Percent 

707281 - 

2 

4. .5 

45.0 

60.0 

72.6 

8 

45. 60 

A8;i92 

2 

19. f) 

71.0 

70.5 

61. 6 

8 

67. 12 

Total or mean 

4 

J2.00 

58. 00 

08. 26 

67. IK) 

10 

61.31 

Water: 








707281 

2 

1.0 

16.0 

43.6 

49.6 

8 

27. 50 

A8392 

2 

19.0 

73.5 

73.6 

69. 0 

8 

60. 26 

Total or mean 

4 

10. 00 

44. 75 

58. 60 

54. 26 

16 

41.87 

Total or mean for both 








treatments 

8 

11.0 

51. 37 

63. 37 

00. 02 

32 

40, 59 


Change with Age 

Sample No. 767281, tested in February 1938 and again in February 
1939, showed no afterripening. 


GERMINATION OF INTACT SEEDS OF SPOROBOLUS AIROIDES 

The results of germination tests under different conditions with 
four samples of seed of Sporoholus airoides arc given in table 14. The 
two older samples. Nos. 272724' and A8501, germinated readily and 
equally well at the high alternating temperatures without prc'chilling. 
Of the two samples having comparatively fresh seed, one was Ixuiefited 
by prechilling and the otlier was benefited slightly by the use of 
potassium nitrate. Although a high percentage of gfUTnination w^as 
not obtained with sample No. 767700, the results with the prechilled 
seed apparently represented the full value of the sample, for tlie seed 
germinated promptly or decayed. 


Table 14. — Germination in 28 to 35 days of seed of Sporoholus airoides at turn tem- 
perature alternations after various treatments 


Sample No. 


Date of per- 
ininatJon test 


272724 


May 18, 1938 


767700 


Mar. 8,1938 


767716 Mar. 29,1938 

A8601-.,.- Feb. 28,1939 


Temperature of germination 
chamlier ('’C.) 

Seed pre- 
chilled at 

Germination on sub- 
stratum moistened 
with— 

3«C. 

Potassium 

nitrate 

Water 

Room to 35 

Dayi 

0 

Percent 

89 

Percent 

94 

....do 

7 

89 

87 

— do 

14 

95 

91 

do 

21 

92 

93 

i . .. do 

0 

1 37 

30 

20 to 36 

1 0 

43 

43 

......do 

14 

64 

68 

, do.... - 

21 

67 

66 

-■ ..do 

28 

57 

63 

Room to 25 

0 

97 

81 

.....do 

14 

80 

84 

do. 

28 

83 

87 

— do. - 

0 

96 

95 

120 to 3,5 

0 

94 

95 
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GERMINATION OF INTACT SEEDS OF SPOROBOLUS WRIGHTII 

Tho seed of Sporobolus wrightii was germinated at four tempera- 
tures with potassium nitrate ami with water and with various pre- 
chilling treatments. The results are given in table 15. The seed 
germinated readily at a warm alternating temperature ; it did not appear 
to be nitrate-sensitive at a favorable temperature. Sample No. A666 
appeared to be somewhat light-sensitive. 


Table 15. — Germination in So days of seed of Sporoholus ivrightii at various lem-~ 

per at ares 


Saninio X<>. 

Dale of trer- 
111 illat ion lost, 

\pproxi- 
mat o 
of seed 



1 

MonUift 

709221 

Sept. 19, 1998 

Fob. 28, 1999 

10 

AOOO 

6 




Gonniiml ion teiiiporature 
alternation (®(’ ) 

rrechllled 
at 3° C . 

Germination on sub- 
stratum moistened 
with- 

Potassium 

nitrate 

Water 


IXiys 

Percent 

Percent 

f20to ao 

0 

81 

49 

20 to 3.*) 

0 

IMi 

87 

Room to 35 

0 

91 

91 

20 to 40 

0 

.S8 

90 

20 to 35 - 

14 

92 

95 

Room to .35 

14 

99 

93 

20 to 35 

28 

94 

. 95 

.Room to .35 . 

28 

97 

95 

[20 to 35 

0 

70 

05 

lRoomto35. . 

0 

80 

80 


GERMINATION OF INTACT SEEDS OF SPOROBOLUS ASPER 

Seed of Sporobolus asper was germinated at three temperature alter- 
nations with potassium nitrate and with water and with precliilling 
treatment. The results of the tests are given in table 10. Compara- 
tively fresh seed appeared to require prechilling for 14 days and the 
use of potassium nitratp for maximum germination. Seven months 
later the need of prechilling and nitrate liad disayiyieared as the seed 
germinated readily with tap water at room temyierature to 35° C. 
alternation, at 20° to 35°, and at 15° to 35°. 


Table 16. — Germination in 1^9 days of seed of Sporobolus asper (sample 272725^ from 
Woodward^ Okla.j 1937) at different temperature alternations 



Qennination at indicated temperature alternations 
after prechilliug at 3° C. for various periods 

Date of Kcrmination test and treatment of 
substratum 

Room to 35" C. 

20" to 
35° C. 

16° to 
35° C. 


0 days 

14 days 

35 days 

0 days 

0 days 

April 10, 1938: 

Percent 

Percent 

Percent 

Percent 

Percent 

Potassium nitrate ^ - 

39 

94 

88 

08 


Water 

17 

71 

70 

64 


Nov. 28, 1938: I 

Potassium nitrate . . 

96 

93 

94 

96 

Water 

90 

i 

96 


93 

96 






WATER ABSORPTION BY SEED OF SPOROBOLUS 

Water-absorption tests were made to determine whether the effect 
of the coats in restricting germination of seed of Sporobolus spp. was 
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due to limiting of water absorption, as has been suggested by Jackson 
{28) and by Wilson {38). 

The pericarp of all species studied became gelatinous in contact 
with water and, with the exception of Sporobolus aii aides and S. 
wrightiiy appeared to split and so release the seed. With S. airoides 
and S. wrightii the pericarp became gelatinous in contact with 
water but remained around the seed. Because the pericarp did not 
seem to be concerned in the coat restriction of germination, it was 
removed from the untreated seeds to make them comparable with the 
seeds from which the pericarp had been rtunoved by acid trcaitment. 
The seeds wore placed on moist blotting paper, and the pericarp was 
removed, under a lens, from 200 seeds of one or more samples of each 
species. Preliminary te^sts indicatcnl that no appreciable amount of 
water was absorbed by tlu^ seed during removal of the pericarp. The 
acid-treated seeds and the nontreated seeds with pericarp removed 
were weighed, soaked in water for the periods indicated in table 17, 
and reweighed. 

Table 17. -1^ ahsorption by seed of Sporobolus species 


SjH'cics 

Resistance and 
treatment 

•Sam- 

ples 

aver- 

agc<l 

.\verage wtdght of 2(K) 

.seeds 

-\fter 

48 

hours’ 

soak- 

ing 

In- 

crease 

Dry 

With- 

out 

l)eri- 

carp 

After 

24 

hours' 

soak- 

ing 

In- 

crease 

. 



Num- 









her 

Oram 

Oram 

Oram 

Percent 

Oram 

Percent 


[Resistant 


0. 0182 

0. 0170 

0. 0208 

22. 20 

0. 0222 

1 25. 92 

S. cryptandrus 

■[Nonresistant 

8 

.0171 

. 0HH> 

.0105 

22. 23 




1 Acid-treated 

.«) 


.0174 

.0210 

> 20. 1 1 




(Resistant (a) 

3 

. 0220 

.0193 

. 0242 

25.00 

"!o274 

1 42. 20 

S. peiuosiis _ _ 

I Resistant (b) 

2 

. 0243 

i0212 

. 0258 

22. 10 

. 0275 

1 30. 02 

I Acid-treated (a) 

3 

1 

.0104 

. 0202 

134.34 




1 Acid-treated (b) 

2 


.0215 

. 0270 

120.57 



O i 

/Resistant 

4 

.0208. 

.0238 

.0200 

2-4.20 

.0313 

1 36. 83 

O* COTkXfUCtUiS 

1 Acid-treated * 

4 


. 0240 

.0314 

1 27. 54 

. 0340 

1 40. 96 


/Resistant 

1 

. 0535 

. 0478 

. 0587 

22. 80 

. 0035 

1 32. 84 

»S. giganteus-^ . 

\Acid-treated . . 

1 


. 0464 

. 0621 

1 33. 83 



S. airoides . 

N(inresist.n.rit 

4 

.0408 

. 0420 

. 0002 

1 42. 45 



S. wrightii 

NonresiKtant. 

2 

.0492 1 

. 0440 

.0010 

1 37. 70 




/Nonresistant 

1 

. 1542 

. 1437 

. 1787 

1 24. 35 

. 1877 

130. 62 


\ Acid-treated 

1 


. 1475 

.1900 

1 29. 42 

. 1972 

i 

1 33. 69 


1 Few to many seed showing evidence of germination. 

* Average increase in weight after 7H hours’ soaking, 24.17 percont. 


The very first evidence of germination is indicated in table 17, since 
it introduced another factor that greatly increased water absorption. 
The seed coats of none of the species studied excluded water. In 
Sfyoroholus cryptandrus the untreated seed of resistant and of non- 
resistant samples absorbed practically the same amount of water and 
at approximately the same rate. In S.flexuosus the samples labeled 
^‘resistant a^^ germinated better after acid treatment than those 
samples indicated as resistant however, there was little difference 
in the rate of water absorption of the two groups. The acid-treated 
seeds of S. contractus and of S. giganteus pvohsAAj absorb water at a 
faster rate than the nontreated seeds. The nonresistant seeds of S. 
airoides and S. wrightii appear to absorb water at a faster rate than 
the other species. However, an error is introduced by the early ger- 
mination of the acid-treated and nonresistant lots. 
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Although there was an indication of some increase in rate of water 
absorption by acid-treated and by nonresistant samples, it would not 
appear from these results that restriction of water absorption by the 
coats of Sporobolus seed was a cause of resistance to germination. 

DISCUSSION 

Much has been published on the need of light, nitrate, and special 
temperatures for tlie germination of seeds. Of the seven species of 
Sporobolus studi(‘d, Sporobolus ai/roideSj S, wrightii^ S. asper, and 
samples of S. cryptandrus from Colorado, Oklahoma, Washington, 
Utah, and Kansas germinated readily at a suitable temperature 
alti*rnation, although in some cases the addition of light and potassium 
nitrate was necessary for maximum germination. On the other hand, 
)S\ flexuosusj S, contractus^ S. giganteusy and samples of S. cryptandrus 
from Texas, Arizona, Nebraska, and Wyoming gave very low ger- 
mination at a wide rang(' of constant and aJt(u*nating temperatures, 
and nitrate and light had little or no efl'cet. Further treatment was 
necH'Ssary for best germination. According to Hitchcock {21) y S. 
flexuosusy S. contractus y S. giganteuSy and S. cryptandrus are closely 
related. 

Harrington {19) and others have published on the effect of the 
alternation of temperatures on germination; and Crocker {8)y Gassner 
{15)y Shull {29)y and Harrington {19) have pointed out the beneficial 
effect of high germination t(unperatures on intact seeds restrict(Hl in 
tlu'ir germination by the seed coat or glumes. Sporobolus cryptandrus 
s('ed germinated best at a high alternating tcunperature and there 
was an indication that S. contractus was ben(^flted by high ternper- 
atuH'S, although the results with untreated seed were poor at 
all t(*m})('ratures. In the absence of special treatment, N. flexuosus 
and S. giganteus germinat(*d poorly at both high and low temp(‘ratur(*s. 

Th(' "seed of resistant samples germinated readily aftcT treatment 
with a])proximately 71 -percent sulfuric acid when supplied with the 
optiin urn cond i tions for germination . Concentrated sulfuric acid 
has long b(*en used for overcoming the impernn'ability to water of 
hard-seo?d(*d h'gumes, but Hiltner {20) y in 1910, was the first to apply 
sulfuric acid treatment to grass se(‘d. Since thi'n si?v(‘ral workers 
have us<^d concentrated sulfuric acid successfully on grass seed: 
Harrington (/7, 18) on Johnson grass and wheat, Morinaga {26) and 
Byi*an {6) on Cynodon dactylony Burton (7) on Paspalum notatum and 
P. dilatatum.y and Hun tamer * and Stoddart and Wilkinson {32) on 
Oryzopsis hyrnenoides. Burton (7) found crude sulfuric acid of 
approximatdy 75-percent strength to be very effective. The writer 
{84 y 35 y 36) y 1^8 fouiul approximately 71-percent sulfuric acid very 
effective in overcoming the coat resistance in se(‘d of Danthonia 
spieata and of Oryzopsis hyrnenoides and partially effective for Era- 
grostis brizantha. Since the resistance to germination is overcome 
by treatment with acid, it may be assumed that delayed g(umination 
in Sjwrobolus flexuosusy S. contractuSy S. giganteuSy and some samples 
of S. cryptandrus is due to some influence of the seed coat. The 
gelatinous pericarp apparently is not rtdated to resistance to ger- 
mination, as the species that germinated readily included both those 

< Huntamer, May Z. dormancy and delayed germination ok oryzoksis hymenoidks. State 
Collef^e of Washington, f Unpublished thesis.) 
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ill which the seed is released from the gelatinous pericarp and those 
in which the seed is retained within the pericarp. 

Davis and Rose {12) were the fii’st to point out the beneficial effect 
of stratification at 5° C. for overcoming the deep-seated embryo 
dormancy of Crataegus, Toole {83) and Whitcomb {37) used a short 
prechilling treatment at 5° to overcome the dormancy of freshly 
harvested wheat, which is due to the restriction of the coats as 1ms 
been pointed out by Harrington {18), For the resistant Sporobolus 
species, prechilling at 3^ for 2 to 4 weeks brought about maximum 
germination with some samples, but with most samples treatment 
with sulfuric acid was superior. The noiiresistant samples were 
benefited by prechilling only when the seed was fresh. 

Gassner {15), Magnus {24)y and Gardner {14) found for various 
kinds of seeds that the removal of the coat or glumes eliminated the 
need of special germination conditions. Morinaga (^6‘) found a 
similar condition for Typha latifolia and Cynodon dactylon, but found 
that breaking the seed coats of Poa compressa and of Apium graveolens 
did not do away with the need of alternating temperatures and other 
special factors. Boluner {5) found that the effect of light on the 
light-inhibited seeds of Nigella sativa was th(^ same after removal 
of the coat. Removal of the lemma and the pah^a was found by 
Andersen {1) for Poa compressa and by Mait^r {25) for Phleum praiense 
not to change the r(iquirem(»nt for light for maximum germination, 
although Andersen found that seed of P, compressa would g(*rminate 
without the use of potassium nitrate after the removal of the glumes. 
The writer found that seed of Sporobolus cryjdamlrus was still ben efi teal 
by light and nitrate after modification of the coat by acid treatment 
or prechilling. S. contractus and S, flexuosus showed little or no 
effect of light or nitrate either before or after acid treatment. 

The slight dormancy that may be encountered in fresh seed of 
Sporobolus airoides, S. amer, and nonresistant samples of /S', cryptandrus 
is of short duration. The resistant samples of S. cryptandrus show 
some evidence of afterripening and there is a slight change with age 
in geimination of seed of S, contracUis, but even after a year or more 
of storage additional treatment was required for complete germina- 
tion. There was no evidence that the germination response of S, 
flexuosus and S. giganteus changed with age of the seed. 

The gennination of the species of Sporobolus studied is rapid if all 
requirements for germination are supplied. Nonresistant species 
have completed their germination in 14 to 21 days. An occasional 
sample required an added 7 to 14 days for a few remaining seeds to 
germinate. The small amount of germination that occurs in those 
samples in which germination is restricted by the coats takes place 
quicldy; the remaining seeds then remain indefinitely in a dormant 
condition. When these resistant samples have been treated with 
acid, a largo portion of the germination takes place in 2 days and 
germination is completed in 14 to 21 days. 

Crocker {8, 10) has emphasized the fact that the delayed germina- 
tion in seeds of many plants often may be due to the seed coats rather 
than to the embryos. Nobbe {27), Nobbe and Haenlein {28), Crocker 
(<9), and others have reported on seeds having coats entirely imp»er- 
meable to water; and Crocker {8, 9) has reported on seeds having 
coats that limit the supply of water necessary for gennination. In 
seed of Alisma pla7itago, Crocker and Davis (11) have shown that the 
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seed coat causes ni(»clianical restraint. That enclosbig structures inter- 
fere with oxygen absorption by tiie embryo and perhaps with carbon 
dioxide elimination as well has been shown by Crocker (5), Shull 
(<0/9, 30)j Becker (e^), Gassner (15), and Atwood (2). Contrary to the 
belief of Jackson (23) and of Wilson (3S), the seed coats of Sporobolus 
do not prevent water absorption, and a comparison of the rate of 
absorption by tlu^ seed of nonresistant with that by tlie s(hh\ of n^sistant 
samples or a comparison of nontn^ated and treat(‘d resistant samples 
would indicate that limitation of water supply is not the cause of 
d(dayed germination. It is believed that the coats might restrict gas 
(exchange, but the writ(*r has not worked on this phase of the problem. 

SUMMARY AND CONCLUSIONS 

A study was made of the optimum conditions for the germination 
of seven speci(»s of Sporobolus, of the variability of germinating power 
within th(‘. spec.ies, and of some speciak treatments for over(*oming the 
resistance of some spt^cies to germination. 

Germination percentage for Sporobolus cryptandrus was low at all 
constant temperatur(‘S, but high constant temperatures were more 
effective than the lower oiu's. An alternation of loom temperature 
to C. with light arid potassium nitrate gave complete germination 
of the viable seeds of some samples. Other samples germinated Ix'st 
at these conditions, but maximum germination was not obtained. 
These resistant samples respondral to pretreatment with 71-percent 
sulfuric acid. A 2-minute acid treatment was sufficicuit for most sam- 
ples, but a few samph's rer^uired 5- to 7-minute tnaitments. A 9- 
minute treatment was injurious in all cases. The treated seed 
responded best to the same conditions for germination as did the un- 
treated seed. Prechilling for 4 to 8 wec'ks was beru'ficial and in grm- 
eral as (‘ffective as acid treatment. Small seeds removed by a 0.508- 
mm. sieve were of low viability. Resistant samples did not come 
from any one grxrgi’aphical region. There is evidence of aftruTipening; 
that is, sc'cd of originally r(*sistant samples tended to germinate better 
after aging. 

Sporobolus flexuosus and S, giganteus germinated poorly and with 
little variation over a wide range of constant and alternating tempera- 
tures. S. contractus also germinated poorly at all temperatures, but 
there was an indic.ation that higher constant temperatures and the 
temperature alternations including the higher temperatures were 
superior to the lowavr constant and alternating t(un|)eratures. The use 
of potassium nitrate and light had no effect on intact seed of S. flexuo-- 
sus or S. giganteus, but for S', contractus there w^a.s some benefit from 
the use of potassium nitrate at the more favorable temperature. All 
three species responded to treatment with 71-percent sulfuric acid. 
Such treatment for 4, 2 or 4, and 7 to 9 minutes appeared to be suffi- 
cient for S. flexuosus, S, contractus, and S, giganteus, respectively. 
After acid treatment the seed of the above three species germinated 
well at room temperature to 35° C. alternation. Seed of S. flexuosus 
and of S, giganteus showed no evidence of afterripening after 3 to 12 
months of storage. Seed of S, contractus 1 to IK years old varied 
in its afterripeniiig response but still required acid treatment for 
maximum germination. Prechilling was not so good as acid treatment 
for S, flexuosus. 
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Fully afterripened seed of Sporobolus airoideSj S- wrightiij and S. 
asper germinated promptly at alternation of 20° to 35° 0. or of room 
temperature to 35°. There was an indication that fresh seed of 
Sporobolus airoides required either nitrate or prechilling and that 
S. asper required prechilling and nitrate for maximum germination. 
Seed of S. wightii was not sensitive to potassium nitrate at a favorable 
temperature; one sample appeare<l to be somewhat light-sensitive. 

The seed coat of the species of Sjyorobolus studied does not prevent 
the absorption of water. 
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DIFFERENTIATION OF PHYSIOLOGIC RACES OF URO- 
MYCES PHASEOLI TYPICA ON BEAN ‘ 

By L. L. Harter, senior pathologist^ and W. J. Zatjmeyer, pathologist^ Division 

of Fruit and Vegetable Crops and Diseases^ Bureau of Plant Industry, United 

States Department of Agriculture ^ 

INTRODUCTION 

Two physiologic racers of the bean rust organism {Uromyees jAaseoli 
tyjnea Arthur), one collected in southern California and the other in 
the vicinity of Washington, 1). C., w(Te differentiated in 1935 by 
Harter, Andrus, and Zaumeyer (^0.' The one from California was 
designated form 1, and the one from the East, form 2. More recently 
Dundas and wScott (f), Parris,^ Harter (fi), and others have recognized 
tlie existiuice of additional physiologic races and have utilized this 
information in tlu^ production of bean varieties {PhaseoluH vulgaris L.) 
rc'sistant to rust. 

Since the discovery of forms 1 and 2, tlu^ existonc(‘ of many physiologic 
race's has been proved from bean rust material collected from various 
parts of th(' country. 

Tlu^ differe'ut ra(‘('S described in this paper were differentiated on the 
basis of their parasitic action on seven varieties of beans used as 
differential hosts. (Sen*- table 1.) 

GEOGRAPHIC DISTRIBUTION 

Bean rust secuns to be limited in its distribution to those regions where 
the relative humidity is at least 95 percent for 8 to 10 hours at a time 
when viable conidia arc pn'sent. This riHiuirernent apparently is not 
met in most of (he States west of the Rocky Mountains with the excep- 
tion of isolated regions along the Pacific coast, nor in parts of the 
Great Plains. East of the Rocky Mountains, it may or may not occur, 
dei)ending, it is b(*lieved, on whether or not sufficient humidity pre- 
vails. In the more humid parts of the United States, such as in many 
of the Southern, Eastern, and New England States, rust occurs in 
varying degrees almost every year. Inasmuch as many varieties 
are commercially resistant to several of tlie physiologic races, those 
that are grown in certain localities often determine, in part at least, 
the occurrence of rust infection. 

The extent of infection, and consequently the amount of loss that oc- 
curs locally, depends on several factors, such as the proper atmospheric 
moisture and suitable temperature concomitant with the prc'sence of 
viable conidia. That such a combination of conditions does not always 
occur is evidenced by the fact that rust may not appear more than once 
or twice during a period of 10 years. The lack of suitable atmospheric 
humidity is probably the most important governing factor where rusts 

1 Received for publication February 3, 1941. 

* The writers take pleasure in making acknowledginont to C. F. Andrus for valuable as.sistance in the early 
staples of these investijrations and to many pathologists throughout the United States and Hawaii who so 
kindly contributed collections of bean rust material. 

» Italic numbers in parentheses refer to Literature Cited, p. 731. 

^ Farris, G. K. the reactions of introduced bean varieties to rust (uhomyces phaseoij typica) 
IN HAWAII. U. S. Dept. Agr. Bur. Plant Indus., Plant Dis. Jtptr. 22: 424-428. 1938. [Mimeographed.] 
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occur only occasionally. Rust spor(?s are probably present every year. 
Stakman et al. (6) have shown that the spores of wheat rust arc 
carri(icl long distances by the wind; this is probably true also of the 
spores of bean rust. 

Townsend {8) stated that teliospores of the bean rust wer(> not pro- 
duced in Florida and that imder a variety of temperature and moisture 
conditions most of the urediospores had lost their viability after 14 
days and none were viable after 3 months in storage, a length of time 
not sufficient to carry the rust from the spring to the fall or winter 
crop in Florida. Parris ® also stated that the unidiospore was the only 
type found in the Hawaiian Islands. Townsend {8) attributes the 
frequent occurrence of the rust in Florida to the transport of the spores 
by wind currents from infected plants in regions to the north. These 
facts would suggest that, if suitabh*! environmental conditions prevail, 
a rust epidemic miglit appear in any given region though no rust had 
occurred there for many years. 

MATERIALS AND METHODS 

Bean rust was collected at various places in the United State's and 
Hawaii by the writers, or sent to them by workers in the various 
colleges and experiment stations. Since tlu^ rust does not develop 
normally in liot weather in a greenhouse, any rust material tliat was 
received in June, July, or August was placed in cold storages and h(*ld 
until the weather was cool enough to justify making inoculations. 
If the quantity of material was sufficient and tln^ weatluT conditions 

f uoved favorable for infection, tho differential varieties were inocu- 
ated. If the amount of spore material was insufficient for the 
inoculation of an entire set of differentials, it w^as increased by the 
inoculation of a few plants of a susceptible variety, usually the ftnto, 
from which spores were taken later to inoculate a set of differential 
varieties. An attempt was made to keep spore material of each 
physiologic raci^ available from the time it. was first colh^ctc'd. This 
could be accomplished (1) by inoculating susceptible plants at frequent 
intervals during the year or (2) by the storage^ of inf('ct(>(l I('aves. The 
urediospores do not retain their viability for a very long pc'riod of 
time, and it frecpiently happened that they had lost their viability 
or survived in so limited a number that they had to b(^ incrc'ased 
before large-scale inoculations could be attempted. Poor rt'sults were 
obtained from inoculations made during the summer und(*r green- 
house conditions, and outdoor inoculations increas('d the danger of 
mixing the different physiologic races. 

An ordinary electric refrigerator partly solved the problem of pro- 
longing the life of the rust spores, but even under such conditions of 
storage the percentage of survivals was usually small at the end of 
3 or 4 months. Some of the fatalities were due to molds that para- 
sitized the spores even in a refrigerator and destroyed their viability. 
Drying the leaves from 2 to 4 days in the laboratoiy at room tem- 
perature between layers of some absorbent paper partially eliminated 
the danger from molds. Some experiments on methods for lengthtm- 
ing the time the urediospores could be maintained in a viable condition 
showed that there was some correlation between temperature and 
longevity. From these experiments it developed that if the spores 


* Be© footnote 4. 
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were storod in the ico compartment of a refrigerator they remained 
viable for many months, and good infection was obtained from 
iirediospor(‘s ston'd for more than 2 years in a rc'frigt'.rator cooled to 
-20° C. 

After the adoption of the cold-storage mi'thod for maintaining 
viability of rust mattvrial, it was possible to have viable spores avail- 
able at all time's. Viability apparently was maintained for a long(»r 
period on leaves bearing the rust, although good re^sults were obtained 
by storing tlu' spores in th(^ ict^ compartment of a rc'frigerator in small 
vials. While the sjiores stored in vials ajiparc'ntly did not remain 
viable', as long as those in contact with the h'aves, such stemige* was a 
cemveMiienit me'thod and ree|uired only a small amount of spae’e. 

Purei lines of the* dilfe're'iit physiologic race's we're elifficult to main- 
tain. A single*, lielel e'olle'ction of rust ofte'n ce)nsisted of two or threes 
elistinct physiologic rae*es, although in practically e've'iy case e)ne' form 
greatly ])re'eloininated, oftc'ii as much as 5 te) 10 or more to 1. The 
uredios])e)re‘s pre'elominated mostly in the gree'nhouse, although telio- 
spores may havev elewedoped unde'r certain emiditions on moribunel 
le'aves in about 8 we'e'ks after inoculation. The iire'diospores cscape'd 
e'asily fre)m the sorus anel floate'd about in the air curre'Tits, which 
brought about a cejnside'rable amount of contamination. Expe'rirnents 
have* demonstrate'd that ure'eliospores will not germinate on the leaves 
in the' e)p('.n gre'e'nhouse eluring the winteu’ months whem artificial heat 
is re'quireel. On the: e)theu* hand the speires re'maine'el viable for at 
leaist 15 elays, and gooel infection was obtaine'd whe'n the plants were 
confine'el in an infection chamber for 24 hours. Moiste'ning tlie plants 
before the*y we're jilac.e'd in the* infectie)n chamber was not necessary. 
All possibles care was take'ii te) isolate the elilfe're'iitial varieties or other 
inoculate'd ])hints by placing tlu'm in dittere'iit compartments and 
greH'nhouses. In spites of the'se piwautions a certain amount of con- 
tamination resulte'el which sometiine's confused the* re'sults. Greeai- 
housei atte'ndants and otlu'rs engageel in watering, handling, anel in- 
s})ecting the plants may have* transferred the spores to othe'r inoculate'el 
e>r uninex'ulated plants. While* care was taken to control insects, some 
were generally present which must be looke'el upon as agents in the 
disse>mination of the rust spores. When the* results we>re rendered 
uncertain by mixtures, the rust was pure-lined by starting with 
ure'eliospores takeui from a single* sorus. This proce'elure greatly 
reeluce^el the number of aliem spores, but it was no guarantee' of absolute 
purity, owing either te) the*, pre^sence of foreign spores on the leaf to 
which the^ spores of a single* sorus were transfe'rre'el or to contaminants 
in the sorus itself. 

The experime'Tits were conducted in the greenhouse. Conditions 
were not ideal but were preferable to those outdoors, where the^re 
were no barriers to the general mixing of the different races. The 
results from greenhouse inoculations may not be identical with those 
obtained under field conditions; nevertheless no considerable amount 
of deviation was observed, and it is believed that the data can be 
accepted as sufficiently dependable for all practical needs. Most of 
the inoculations were made between September and May. During 
this period environmental conditions varied greatly. In the fall and 
spring vigorous host plants were easily produced , but diu'ing the winter 
months, when there are many cloudy days, the plants sometimes 
lacked vigor and the rust did not develop quite as copiously and 
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uniformly as it did when the days were longer and there was more 
sunsliine. The lack of uniformity of environmental conditions during 
the different seasons of the year accounted in part at least, for 
variations in amount and degree of infection of some of the differentials 
when duplicated at different times. These variations have been a 
source of confusion in interpreting the results that were obtained at 
different times on some of the differentials, esxiecially those varieties 
that showed a certain degree of resistance. 

The great('st variations in results occurred mostly in the winter 
months, when the days were short, the light intensity reduced, and 
the temperature somc^times too low for the normal growth of the 
plants. Under such conditions, plants were often yellowed and the 
sori devcJoped slowly. The percentage of infections was usually 
low, and mesothetic r(*-actions occurred on certain varietic^s. Harter, 
Andrus, and Zaumeyer {3) found that the number of pustules on 
plants confined in an infection chamlier in subdued light decreased 
as the length of time in the infection chambcsr lieyond 48 hours 
increasc'd. The decrease in ilu) amount of infection was attributed 
largely to a lowering of the functional activity of the plant in the 
absence of sufficient light to support normal growth. Wei (9) stated 
in this comu^ction that temperatures ranging from 16° to 28° C. did not 
change the type of reaction, but in some cases both the* high and low 
temperatures in(*.reased the proportions of the X type ® of infection. 
Low temperatures increased the incubation period. 

The seven differential varieties of beans employed in identifying 
the various physiologic races cctnsidenxl here were' as follows: (1) 
U. S. No. 3, a white-seeded Kentucky Woiuhjr type; (2) Bountiful 
(No. 181)/ a common garden bean variety of the bush type; (3) a 
strain of California Small Wlute (No. 643), a field tyi)e grown prin- 
cipally in California; (4) a strain of Pinto (No. 650), a sp(‘ck](‘d field 
bean grown extensively in the intermountain rc'gion of th(‘ W('st; (5) 
a selection (No. 765) from the Kentucky Wonder Wax variety; (6) 
a medium-late white-secided Kentucky Wonder liybrid (No. 780); 
(7) a brown-seeded Kentucky Wonder hybrid (No. 814). Seed of 
each of the differential varieties originated from a single jdant selec- 
tion and was increased each year in Colorado. Occasionally an ofl*- 
type plant ajipeared in some of the varieties, which doubtless resulted 
from an occasional natural field cross with some other variety. Off- 
type plants were removed so that only rarely was there any variation 
dn the reaction of any of the plaiits of a single differential. The 
different rust collections were identified from the reaction on the 
seven differential hosts described above. 

Inoculations were made by brushing siiores suspended in water 
on the upper or lower surface of the primary leaves by means of a 
camers-hair brush when the leaves were about one-half to two- 
thirds grown. Just as good infection was obtained by dusting the 
spores on the dry leaves. Since the simple leaves matured 7 to 10 days 
before the trifoliate leaves were fully grown, they were preferred for 
inoculation purposes. Identical results were obtained with both 
types of leaves if all other conditions were alike. Young leaves were 

f )ref erred. Experiments showed that if old simple leaves were inocu- 
ated infection took place but the sorus did not attain its maximum 

• Used as the equivalent of mesothetic. 

7 The numbers In parentheses following varietal designations are pure-line selections carried under these 
numbers in the seed files of the writers. 
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PLATE 1 



Types of infection, grades 0, 1, and 2, produced by several races of rust on different 
varieties of beans. Aj Grade 0 infection. Brown-seeded Kentucky Wonder 
hybrid (No. 814) inoculated with rust race 2, showing the highest degree of 
resistance. /?, Grade 1 infection. The necrotic lesions are small and more or 
less round in outline, showing a high degree of resistance. No spores in the 
sori, Kentucky Wonder Wax (No. 765) inoculated with race 10. C, Grade 1 
infection. Note the difference in the type of lesions from those showTi in /?, 
Kentucky Wonder Wax (No. 765) inoculated with race 1. /), Grade 2 infec- 

tion. The lesions differ in type from those showui in B and C. A few’ spores 
occur in some of the sori. IJ. S, No. 3 inoculated with rust race 1. 


Ditferentation of Physiological Races on Bean 




Types of infection, grades 2, 3, and 4, produced by several races of rust on different 
varieties of beans. A, Grade 2 infection, showing a different type of lesion from 
those shown in plate 1, J5, C, and D, Pinto variety inoculated with rust race 
10. By Grade 3 infection. Note difference in the type of lesions from those 
in A. White-seeded Kentucky Wonder hybrid (No. 780) inoculated with 
rust race 12. C, Grade 3 infection. A different type of lesion from those 
shown in A and B. There is very little necrotic tissue outside the sori. White- 
seeded Kentucky Wonder hybrid (No. 780) X Pinto inoculated with race 9. 
Dy Grade 4 infection. White-seeded Kentucky Wonder hybrid (No. 780) 
inoculated with rust race 7. 





Types of infection, j^rades 5, 6, 8, and 10, produced l)y several races of rust on 
different varieties of i)eans. Grade 5 infect ion. Kentucky Wonder Wax 
(No. 705) inoculated with race 14. /i, Grade 0 infection. California Small 

White (No. 043) inoculated with race 15. C, Grade 8 infection. White-seeded 
Kentucky Wonder hybrid (No. 780) X Pinto, inoculated with race 11, J), 

Grade 10 infection. Pinto inoculated with rust race 2. Secondary rings occur 
in connection with many .sori. 

200-120 41 - V, 
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sizt^. If the physiological activity of the leaf was much reduced by 
aging before the pustules were mature, they remained undeveloped 
even on highly susceptible plants. 

Immediately following inoculation the plants w(»re placed in infec- 
tion chambers and kept there for 24 to 48 hours, wluav th(\y were 
removed to a bench in the greenhouse. An incubation p(‘riod of 24 
hours was as good as or better than any longer time. Tin*, infection 
charnbcTs wt^re constructed on one of the regular greenhouse benches. 
The front and back of the bench wctc built to tlu' height of 1.5 and 
2 feet, rt>spectiv(*ly, and the cornpartnumt was coveriul with a glass 
sash hinged at tlu^ back. Wet sphagnum was plac(*d at the bottom 
of th(‘ chamber in ord(*r to maintain a high humidity. The infection 
chamlx'r was dividcxl into several individual compartments, each 
larger enough to accommodate 100 or more i)ots. Under favorable 
gre(Mihoiis(^ conditions, infection was (evident in from 5 to 0 days after 
inoculation. The sori Ixgan to open a f('W days latiT, and the records 
of th(‘ degree of jjustule development were made about 14 days after 
inoculation. They w^en^ sometimes taken a day or two latc'r if it 
w^as suspected that development of the rust was (l(‘lay(xl because 
of low" t(*mperatur('s or for other caus(*s. 

INFECTION HATING 

Th(' size of th(» rust pustule at th(‘ (*nd of 14 days was th(» crit(U*ion 
for (ixing tlu'- degrex* of susceptibility and resistanci*. Harbor, Andrus, 
and Zaum(‘y(vr (/?) previously used a scale of 0 to 10, 0 d(*noting 
immunity and 10 tlx' highest degree of susci^ptibility, with intermediate 
grades betwcxai th(^s(‘ two extrem<\s. It is propos(xl to employ the 
same scale of graduation in this paper. Other investigators have 
used the same system, while some have used a scale of 0 to 100. 

DESCKIPTION OF GRADES AND TYPES OF INFECTION 

Grade 0. — Totally immune (pL 1, A)^ no lesions or othc]* evidence 
of infection. 

Grade 1 , Necrotic fl(*cks without spores (pi. 1, H and C), There 
is considerabl<‘ variation in th(‘ general characteristics of the flecks 
on several of tlx* dilb^rential vari(‘ti(*s, caused by tlx* various physio- 
logical races of the organism; some are vt'iy small aixl round, some- 
what res(*mbling the point of a nc'edle (pi. 1, 7^), while others are 
angular in shape and vary greatly in size (f)l. 1, C and 1)). 

Grade 2,- This grade (pi. 1, /), and pi. 2, ^1) diff(‘rs from grade* 1 
larg(*ly in that, although the .sori are small, sonx* spores are prodix’ed. 
The infection cent(*i-s may or may not be surrourxh'd by a necrotic 
ar(*a. Plants falling in this class are highly resistant. 

Grades 3 to 10. — These p'ades (pi. 2, B, to pi. 3, D) are difl’(*renti- 
ated on tlx* basis of the size of the spor(‘-bearing pustul(*s. Grade 3 
(pi. 2, B^ C), grade* 4 (pi. 2, 77), grade 5 (pi. 3, ..4), and te) a less extent 
grades 0 (pi. 3, B) are regarde*el as commercially rt'sistant, and higlx*r 
grade's up to grade 8 (pi. 3, C) are* re*gareleel as possessing some de*gre>e 
of tolerance. 

Sex'ondary and te*rtiary rings of sori (pi. 3, D) developed in many 
varietie*s of beans under certain conditions; however, theur formation 
was not constant enough to be of any value in raex* identification. 
Rings were proeluced on some varieties more readily than on others, 
and it w’^as by no means the more susceptible, but freqiu*ntly the 
moderately susceptible ones, on w'hich they appeared first. The 
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Bountiful, a variety that is not hij^hly susceptible to any of the rust 
forms witli the possible exception of race 10, frequently exhibited 
secondary rings in about 10 days and often earlier. There appears 
to be some correlation between the sizt* of the secondary rings and 
resistance. It may be stated that, in general, secondary and tertiary 
rings wt're not produced in infections below grade 6. On the other 
hand, they were to b(> expected on all varietic's with infections from 
grades 6 to 10. 

Under gre(*nhouse conditions susceptible and n'sistant plants inocu- 
lated with the saiiK' physiologic race often showc'd very different 
symptoms in the initial stage. Visible' signs of infection appeared in 
about 5 days as small, nearly round and iH'arly white, immature 
pustules on tlie under side of the leaf bene'ath the epidermis. These' 
juvenile sori graelually enlarged and in 7 to 10 days ruptiire'ei the 
epidermis. On the other hand, resistant plants of graele' 1 and 
occasionally giade 2 usually showe'd brown necrotic lesions e)n tlie 
under siele' of the' leaf in about 8 days. The lesions increased slightly 
in size and became a little darker in color, l)ut there w^as little if any 
enlargeme'iit after 5 elays. It was usually possible* to dete*rmine' 
resistant plants of graele* 1 or 2 before* there we're any indicatieins of 
infcK'tion in susce'ptible* vjirie'tii's. 

RESULTS 

IDENTIFICATION OF PHYSIOLOCIK^ RACES 

Twenty difl’erent physiologic race's of bean rust have been iele*ntified. 
Each one was se'parateel freim tlie othe'rs by its re'action on se've'ii 
diff eyre'll tial bean varie*tie's. In only a few’ e*ase‘s were any of the* 
differential varietie^s entirely immune*. The're* w^ere, liowe*ve'r, many 
example's of differentials being ivsistant, tole'rant, or fully susceptible* 
to different racers. It was therefore fre*epiently nece'ssary to make* 
use of degrees of infection of the eliffere*ntial varietie's for the separa- 
tion of the diffe>rent races. In most case>s de'gree's e)f infe'ction we're 
reasonably stable, although eiccasionally then* were* some ele'partures 
freun the stanelarel, w Inch sometime's renelered ielentification se>mewhat 
difficult. The'se variations in re'sults occurreel mostly with those* 
varieties that showed some ele'gree of resistance or w"('re> grow^n under 
unfavorable environmental conditions. For the most part they 
belonged to that group of varietie's which the writers have*! termed 
commercially resistant. 

A comparison of the reaction of a rust on the* differential varietie's 
with the data contained in table I shoulel make identifications rea- 
sonably simpler A too close agreement must not always be expected, 
inasmuch as environme'ntal conditions are known to influence* the 
degree of infection, and mesothetic type's sometimes confuse the ri>sults. 
Several tests may be required, but usually only one or two an* 
necessary. 

Rc'ference to table 1 will show that U. S. No. 3 and No. 765 gave 
a ^ffractionar’ reaction to some of the races, that is, a difference in 
the degree of irifection on the upper and lower sides of the leaf, the 
two readings being expressed in the form of a fraction. This behavior 
was not characteristic of any of the other diflerential varieties except 
No. 780 inoculated to race 19. IJ. wS. No. 3 has shown an inconsistent 
tendency to fractional reactions with other physiologic races besides 
6, 7, 8, and 20. , 
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Table 1. — Heaction of the differential bean varieties to various physiologic races of 
bean rust ( Uromyces phaseoli typica) * 


DilTcriTitittl vHiicty Infoction Krado * produml by physiolouk; raco 




1 


3 

4 

5 

0 

7 

8 

9 

10 

11 

12 

13 

14 

15 

10 

.7 

18 

19 

20 

I’.S. No. 3 

2 

10 

9 

2 

10 

5-0 

3 

'3 

5 

"3 

10 

3 

10 

Id 

10 

2 

10 

5 

10 

2 

10 

9 
“ 7 

No. 181 

8 

H 

8 

8 

8 

8 

8 

9 

9 

9 

8 

8 

8 9 

8 

8 

8 

7 

7 

8 

8 

No. ()43 

0 

8 

2 

1 

9 

9 

il 

1 

9 

1 

9 

10 

9 

8 

5 0 

9 

1 

8 

9 

9 

No. fi5-) _ 

1 10 

10 

10 

10 

10 

10 

10 

10 

10 

2 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

No. 7r>r> . 

1 1 

1 


2 

2 

2 

2 

2 

1 

.5-0 

1 

0 

2 

9 

4-r> 

2 

4 

2 


i 2 

i 

4 

~2 

No. 780 

|I 2 

1 

1 

2 

1-2 

2 

1 ^ 

2 

2-3 

1 

() 

3 

1 

iO 

il 

2 

9 

1 

1 

4 

9 

No. 811 

;1 2 

0 

ill 9 

10 

i 

9i 9 

' 9 

i 10 

0 

10 

1 

i 0 

9 

10 

9 

1 

1 9 

i_ 0 

1 . 

1 8 

8 

9 


> Tlu'se records rcpn'scrit the |•l‘slllls obtained uinler the authors' erit('rioii of the most favorable con- 
ditions. If environmental c(jnditions are not favorable some variation must be I'xpeeted, especially in 
the ease of those vaiieties showinj; a hi^h dearer of rtvslstanee. 

nnfeetion trrades range fr(»m 0 for immunity to 10 for highe.st <iegree of susceptibility. The fractional 
expression of grade iiKiieates dilTerent reactions on (numerator) upi)er and (denominator) lower surfatres 
of the leaf. 

California Snitill Wliitt* (No. ()43) react(‘(l pociiliarly in several 
r(*speets, and oeeasionally it was diHieiilt to classify tlu* sevtTal raci^s 
as to tin' deor(»(» of inf(H*tion. Th(‘ lesions or pustules sometimes 
varied from ^rade 3 or 4 up to 8 to 10 on tlu* saiiu* l(‘af vv lu*n inoculated 
with a i)ure~line race. 4'he infection was classtul a(‘cordin«' to tlu* 
i^rade that pn*dominated on all the inoculat(*d plants. This variety 
has consistently produc(*d a small numh(*r of [lustules in comparison 
with the oth(*r difr(*r(*ntial varieties. 

Physiologic race* 5 appears to be more prevalent and more* widely 
distributed than most of the others. The inv(*stigations slu)wt*d that 
then* W(*r(* a numb(*r of strains, closi'ly related to but not id(*ntical 
with race 5, an Inch did not (lifter enough from it to be class(‘d as 
difl*(*nmt races. The difference's wen* mostly confined to tlu* diflVr- 
(‘iitial varieties Nos. 780 and 705. In tabh* 1, race 5 is graded as 2 
on No. 705 and 1 to 2 on No. 780; however, in the case of sonu* strains 
of rust, a reading of 1 or p(*rhaps 3 may occur on these* two difl’(‘rential 
hosts. In other case's the* grade may be be'loAV 2 on one of these* 
diffe'rentials and a grade* higher on the otlu*r. If tlu*re w as no varia- 
tion or only ve*ry little* in the re*action of the* differentials to the* rust 
in duplicate te*sts, suedi eliffe*rence*s might be sufficient to justify 
classifying the* rust as a ne*w race*. In the absc'ucc of such con- 
stancy, the only other alte*rnati\e seems to be* to re*e*ognize th(> 
existence* of subraces. In this e*oniu*ction it is propose*el to create 
four subraces e^f race 5: Race 5 a inedudes those* rusts that grade 0 
on No. 780 and No. 7G5; 5-b, those that grade I on No. 780 and 
No. 765; 5--c, those* that grade 1 on No. 765 and 0 on No. 780; and 
5- d, those that grade* 0 on No. 765 and 1 on No. 780, according to the 
scale adopted by the write*rs. 

All the^ differentials except No. 181 slu>w(*d consiele*rable resistance 
to race 10. The* Pinto (No. 650), a vai*ie*ty highly susee*ptibl(* te) all 
the* otlu*r races and the* one used as a standard with which re'actions 
on all the differentials were compared, is ejuite resistant to iTice 10. 
It might appear that race 10 is a weak strain of rust; however, a 
large number of bean varieties are highly susceptible to it, as reference 
to table 2 will show. It was colle'cted on the* Bountiful variety, 
which was employed to keep the* rust in an active condition in the 
greenhouse. While No. 780 and No. 765 are. both resistant or at 
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least tolerant to most of the physiologic races, No. 780 is highly 
susceptible to races 13, 14, and IG and No. 765 tc race 13. 

REACTION OF BEAN VARIETIES TO PHYSIOLOGIC RACES 

The results of the relative susceptibility and resistance of a number 
of garden and field beans to one foim of bean rust were published in 
1935 {3). These varieties were graded on a scale of 0 to 10 and 
divided into three classes: Very susceptible, moderately siisc(*ptible, 
and slightly suseeptible. The results showed considerable variation, 
some being highly susceptible while others were immune or highly 
resistant. In general the field beans were found to be more susceptible 
than the garden varieties. 

In the prps(>nt paper the varieti(»s are graded on a scale of 0 to 10, 
according to th(' description given (^arlier for each grade'. As new 
races were discovered they were inoculatc'd to the different varieties; 
there now have been obtained ratings for resistance of most of the 
commercial varieties (table 2) to all rust forms except rac('s 15 to 20. 

Table 2 . — lieaction of bean varieties to 14 physiologic races of bean nist 


Infortion grades > pnKiuced by physiologic raee- 


Group and variety 

1 


3 

4 

“.r 


7 

8 

9 

10 


12 

13 

14 

Meld bean.s: 















Blue Pod 

10 

10 

9 

5 

. 10 

10 

10 





10 

10 

10 

Boston Marrow 

8 

7 

4 


7 

7 

3 



2 





Brow'n Swedish . 

10 

8 

8 

8 

7 

6 

4 


7 

10 

8 




Great Northern 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

1 

10 

9 

8 

Koteriashi 

10 

10 

0 

10 

H) 

9 

10 

8 

10 

1 

10 

8 



Large White Marrow 

10 

10 

9 

10, 10 

8 

10 

10 

10 

0 

10 

10 . .. 

10 

Marrow, Pea 

10 

10 

10 

101 9 

9 

7 

10 

10 

9 

10 

10 

10 

9 

Micheliie 

8 

10 

9 

10 

10 

8 

8 

10 

9 

3 

8 

9 

8 

6 

Otenashi 

10 

10 

9 

10 

10 


9 

10 

10 

0 

10 

9 

8 

10 

Perry Marrow 

8 

5 

7 


7 

7 

6 

3 

10 

1 

0 

10 

7 

8 

Pink 

9 

10 

10 

10 

10 

10 

10 

10 

10 

1, .•» 





Pinto 

10 

10 

10 

10 

10 

10 

10 

10 

10 

2 

10 

10 

10 

10 

Red Kidney, California strain.- 

8 

6 

1 

5 

10 

8 

5 

7 

7 

10 

8 

.'i 

8 

8 

Red Kidney, G(*neva 


7 

7 

6 

1 

6 


7 

1 

‘ 8 


5 

8 

Red Kidney, Wells . . 

8 

8 

7 


7 

^ 6 

6 








Red Mexican . 

10 

10 

10 

10 

10 

10 

10 



1 


10 

9 

10 

Robust . . 

9 

0 

2,10 

10 

10 

9 

10 

9 

10 

10 

10 

10 

2 

io 

9 

10 

10 

10 

Teiiary * . . 

10 

10 

9 

9 

4 

7 

2, .*■) 

9 

10 

White Kidney 

3.8 

5.8 

7 

8 

8 

8 

7 

4 

6 

3 


3, .*) 

6 

White Pea-bean, Geneva 

10 

10 

9 

10 

10 

10 









Yellow Eye, Improved 

larden beans (pole): 

8 

1,6 


5 

7 

10 

0 

.») 


1 





Blue l^akc (White Creaseback) 

8 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

8 

9 

Ca.seknife, Early June.- . .. 

10 

10 

10 

10 

10 

10 

10 

10 

10 

0 

10 

10 

If) 

10 

Caaeknife, Dutch 

6,9 

10 

9 

2 

10 

7/4 

2 

8 

10 

0 

10 

10 

2 

5/2, 9 

Cutshort (Corn Hill) 

10 

10 

10 

10 

10 

10 

9 

10 

10 

2 

10 

10 

10 

10 

Everbearing 

6 

7 

8 

7 

8 

1 

2 









Golden Clu.ster Wax 

4.7 

9 

10 

10 

10 

10 

2, 10 

10 

10 

\) 

io 

10 

10 

10 

Horticultural, King Mammoth. 

2 

9 

7 

2 

7 

1.3 

0 

1 

8 

4/2 

0 


0 

Horticultural, London 

Ideal Market (Black Valentine 

1 

9 

8 

I 

0 

7/3 

1 

0,3 

0 

1 

8 

1 

0 

0 

0 

pole)... 

8 

10 

i 

10 

10 

9 

i 16 

10 

10 

8 


10 

9 

9 

Ivory Stringle.ss _ 

Kentucky Wonder (Burger 

1,0 

8 

s\ 


7/3 

1 

1.4 






0 

-.0 

Stringless) 

Kentucky Wonder (brown- 

10 

10 

10 

1 

loj 

10 

10 


10 

10 

2 

10 

9 


10 

seoded).. 

10 

10 


10 

10 

10 

10 

10 


.5 



8 

10 

Kentucky Wonder (Morse 191) 
Kentucky Wonder, Rust Re- 


10 

loj 

2 

10 

_1 

10 



' 


10 

4/2 

4/2 

sistant. .. 

2 

1 





9 

6! 

9 

1 

10 

9 


9 

Kentucky Womier, U. S. No. 4. 

1 

10 

10 

2 

10 

'8/.3 

3 

6 

10 

2 

10 

7 


10 

Kentucky Wonder Wax . . . 
Kentucky Wonder (white- 

2,6 

4,8 

10 

2 

9 

, 9/3 

1 

2 

9 

I 0 

10 

4/2 

4| 

5/2 

seeded 

lo' 

10 

10| 

10 

2 

2 

9 

10 

3 

10 

2 

3 

5/3 

Lazy Wife (White Cranberry) . 
McCaslan 

1' 9 

9 2,10 
10 2. 10 

7: 

10 

8 

6/2 

8 

1 

10 

0 

10 

8 

10 

0 

2 

4/2 

10 

0 

10 

8 

10 

0 

10 

Missouri Wonder.. 

10 

10 

10 

2 


^ Infection grades range from 0 for immunity to 
indicate that different plants nisacted differently, 
and lower (denominator) surfaws of the leaf. 

* Phaseolua ucutifoUun tatifolim Freeman. 


10 for highest suacfeptibility. Two or more whole numbers 
Fractions indicate different reactions on upper (numerator) 
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Table 2. — HeacUon of bean varieties to 14 physiologic races of bean rust— Continued 


Groui) and varioiy 


Garden Beans (pole)- “Conf inuod. 

OreKon Giant , - 

Phenomenon 

St. Louis Perfeetion, White - -- 
Stripi'd OreawSeback (Scotia) - 
Tennessee Wonder (Brown 

Sickle) 

Zeppelin pole 

Garden beans (bush): 

Asgrow', Stringless Green Pod 
A.sgrow, White Seeded Wax 

Black Seeded Green Pod 

Bountiful 

Brittle Wax (Hound Pod Kid- 
ney Wax) 

Burpee Stringless Green Pod .- 
(’anadian Wonder 

Ghall(‘ngor Black Wax 

(^-oininodore. . ‘ 

Currie Rust Proof Black Wax j 

Davis Stringless Wax . ! 

Dwarf Black Wax i 

Dw'arf F'rench Master 

Early Mohawk i 

Flageolet Wax | 

Flageolet White i 

Fordhook FavoriL<‘ ! 

Full M<*asure . 

Giant Stringless Green Pod 
Goddard (Boston Favorite) .. j 
Golden Crown 

Golden Eyed Wax 

Golden Sword 

Grennell Rust Proof Wax 

Hardy Wax 

Hodson Wax . . 

HortieulturaL Dwarf 
Horticultural, Dwarf (Oan- | 
b<?rry) 

Horticultural, French.. 

iniim)ved Black Wax 

Improved Golden Wax 
Imi>roved Kidn<‘y Wax ; 

Keeney Rustless Golden Wax 

Konserva . . . j 

Longfellow. . . 

IjOw Champion j 

Masterpiece 

Michigan White Wax . 1 

New Sioux Stringless Wax | 

Nonpareil ! 

Pencil Pod Black Wax | 

Plentiful 

Prolifle Black Wax . j 

Refugee, KKMV l . j 

R«‘fuge(‘, (^orbett . . i 

Refugee. Early ! 

Refugee, Keeney Stringless 

Gr(*en pod 

Refugee, Idaho. 

Refugee, V . S, No. I 

Refugee, I - . S. No. 5 
Refugee Wax ... 

Refugee, Wisconsin 
R(‘fugee, White-Seeded 
Royal Purple Wax 
Rust Proof Golden Wax 

Stringless Kidney Wax 

Superba .. 

Sure Crop Wax 

Tendergreen — 

I’ennessee Green Pod 

Unrivaled Wax. 

Valentino, Asgrow Black 

Valentine. Black 

Valentine, Red 

Valentine, Red Stringless . 

Wardwell Kidney Wax 

Weber Wax 


Infection grades produced by physiologic race— 


1 

2 j 

3 

4 

h 


7 

8 

9 

10 

11 

12 

13 

14 


1 

10 

9 

4 

10 

0/2 

2 

2 

10 

10 

10 

4/2 


10 

2 

10 

10 

4/2,10 

10 

7/3,10 

2 

.5/2 

10 

1 

10 

10 

1 

10 

10 

10 

10 

10 

10 

10 










10 

10 


10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

0 

10 

2 

10 

0 

10 

2 

10 

0/3, 8 

10 

10 

2 

10 

10 

4/2 

10 

3 



10 

2 

9 

9 


10 

9 

9 

8 

9 

8 

2 

2 

4 

8 

10 

8 

0 

1 

1 

Ij 

9 

8 

8 

8 

2 

2 


9 

3 

8 

7 

1 

1 

8 

7 

0 

8 

9 


2 


7 

10 

8 

t 

1 

I 

8 

8 

8 

8 

8 

8 

8 

9 

9 

9 

8 

8 

8-9 

8 
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Most of the se(Ml for the variety tests was furnished by eomrnercial 
seed gi'owers, and in nearly all cjises it was reasonably uniform in 
type and reactions, although considerable variation was occasionally 
found within some varieties, and this sometimes ranged from grade () 
to 10. The lack of uniformity occasionally confused the results, 
although in most cases tln^ percentage of off-typ(> plants was small. 
If the data indicrated mixtures the grade of rust was determined from 
the reaction of the maiorily of the plants. 

In general the field beans appear to b(‘ more susceptibh' to most of 
th(> pliysiologic racers than the garden varieties. A striking exception 
is the cas(', of race 10, to which the garden beans are more' susceptible 
than the field varieties. Some of the garden varieti(^s (Bin I'. Lake, 
Early June Caseknife) are highly susceptible to most of the races, and 
some of the field beans (Geneva Red Kidney, White Kidney) arc* 
tolerant. In both the field and garden beans there are varieties 
(Oregon Giant, Gr(‘at Northern, Brittle Wax, Hudson Wax) that are 
highly susceptible^ to some races of rust and resistant or tolerant to 
others. 

Among the garden l)eans the pole varieties appear to b(‘ more 
susceptible than the bush types. Th(‘ Kentu(‘ky Wonder tyjx's an^ 
naturally very susceptible and are often seriously damaged in regions 
where rust occurs. Tlui Blue Lake, Early Jun(> Caseknifc', and Chit- 
short varieties possess little or no tolerance to any of the rust forms, 
and there are several other varieties that are susceptibh^ to all the 
races with one or two exceptions. On the other hand tlu^ King 
Mammoth Horticultural and London Horticultural, two pole varieti(>s, 
are resistant or toh^rant to more races than Dwarf Horticultural, a 
closely related variety of the bush type. 

GEOGRAPHIC DISTRIBUTION OF PHYSIOLOGIC RACES 

The geographic prevalence and distribution (table J) of tlie d iff ('rent 
physiologic races in the United States were determined from rust 
material collectt'd wh(U’(^ver found by the writ(>rs and from similar 
material sent them by pathologists and others from some of thi5 
agricultural colleges and (‘xperiment stations. 

Previous to 1927, bean rust, although known to occur in many 
parts of the United States, was not as g(»ncrally prevalent or d(*struc- 
tive as it has been since. Sporadic outbreaks were reported by various 
investigators or observed by the winters in localitit^s wlu're very 
susct'ptible vari(d.ies were grown and the environmc'ntal conditions 
were favorable for rust infection; but (>pidemics such as some of those 
in recemt years were exceptional, if thc^y actually occurred. 

After the rust had reached the epidemic stage over wide areas in 
several localities, a search was instituted for resistant varietic's, and 
this evimtually h'd to the discovery that not only one but possiblv 
several different physiologic races occurred. The number of such 
races and their geographic distribution, as well as the reaction of 
different varieties to diff(*r(^nt races, were facts of much importance if 
attempts were to be made to develop resistant varieties by hybridiza- 
tion and selection. Preliminary inoculation tests with rusts colh^cted 
from various parts of the country showed considerable diversity in 
results. Some varieti(^s were highly resistant to a rust collection 
from a certain source but highly susceptible to one collected in a 
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different rc^^ion. This information has i)e(*n utilized in selecting 
material for the development of rust-resistant progenies. 

The data shown in table 3 are too mea«:er to be highly significant 
although some facts of interest are evident. The most outstanding 
lesson to be drawn from the rc'sults of the accumulated data is that 
there are no races specific for or representative of any one locality. 
The evid(mc(> shows that the races established in a locality in any one 
year may be followed by a different race or group of racers the next 
year. In 1930 rac(‘s 1 and 2 were identified from material obtained 
from Florida and some of the other States. In 1937 f(?w (‘oll(‘ctions 
were identifi(‘d, but in 1938 race 1 was received only three time's, and 
race 2 has been colh'cted but once since 1936, and tli(»n from Cali- 
fornia. In 1938 races 5, 9, 1(1, and 11, and in 1939 race 5 were 
identified from Florida, but races 1 and 2 have' not bee'ii received 
from that State since' 1936. Race's 1, 2, 3, anei 4 were collecteel in 
Virginia in 1936; race's 10, 14, and 16 in 1938; and race 10 in 1939. 
The^ few examples edte'el are' typical of the' e'ntiie e*ountry so far as 
physiologic races of be'an rust are concerne'el. 


Table 3. — Distribution of the different physiologic races of bean rust collected in the 
United States and IJawaii, 19S6-S!) 


State or Territory 


Arkansas 
e California 
C'olorado . 
Florida 
Hawaii 
Louisiana . 
Maine . 
Maryland . 
Massachusi'tts 

MifhiBan 

Nebraska 

New Jersey 

New' V'ork. . . 
North Carolina 
Soutli Carolina 

VirKinia 

Wjushinuton 

Wisconsin 


Distribution of i)hysiolofiic races of bean rust by years 
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DISCUSSION 

The results of the' investigations justify ce'rtain inese?apable con- 
clusions. It became apparent early in the preise'eAition of the' probh'in 
anei was more ch'arly deunonstrated later that it was not always 
possible to obtain identical results from eluplicate e'xperiments. 
Difl*erential host varietie's often gave a slight diffe'-rence in the di^gree 
of rust infection whe'ii inoculate'd with the' same pliysiologic race at 
different times. In view of this fact it is essential that a too close 
agreement with previous re'sults must not be e^xpected. These varia- 
tions were due to st'veral causes. The greatest variations were' 
obtained between inoculations made in the winter months and those 
made in the late spring and early fall, when tlu' days were longer 
and the amount of sunshine much greatt'r. Beans appear to thrive 
best with the maximum amount of sunshine and fairly high tem- 
peratures. During the winter months in the vicinity of Washington, 
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D. C., there are many cloudy days and frequently many consecutive 
days without sunshine. Under such conditions tjfie plants lack vigor 
and are often icteroid. There seemed to be a direct correlation 
between plant vigor and the size of the sori. The sori on plants grown 
under reduced light were generally pale and smaller than those on 
plants grown with the optimum amount of sunshine. Temperature 
likewise influenced the size and general appearance of the sori and the 
tissue immediately surrounding them. If the plants were held in 
incubators or in an environment where the t(unperature was too higli, 
the leaves became pale and the sori wtire undersized and slow to 
develop. 

These inconsistenci('s and variations in the behavior of rust forms, 
attributed partly to (uivironment, may possibly be explained in 
accordance with observations made by cerc'al rust pathologists who 
have proved the occurrence of mutations of various sorts in wheat 
rust. Newton and Johnson (J) seh'cted a bright-orange and a grayish- 
brown mutant out of Puccinm gratninw tritici (Pers.) Eriks, and 
Henn. Neither of the mutants showed any change in infection 
capability on the differential hosts. Both, however, difftrc'd mark- 
edly in viability and in the h'ngth of their urediospores. Johnston (J) 
secured from wheat in Texas a race of rust that differed in several 
ways from other known races. He found that its incubation [)eriod 
and time for full development were much longer than for other forms. 
The spores were' lighter in color and smaller in size. He suspected, 
but offered no proof, that it may have originated as a mutation. 

Interesting in this connection are the r(‘sults of Newton and Johnson 
(5), who found mutations of wheat rust to be induced by the refrigcTa- 
tion of the urediospores. The mutation occurr(‘d in a form of rust 
that had been constant for 2 years. After the urediospores had becui 
in storage for 0 months at a tem})erature of S° C., inoculation experi- 
ments indicated a mixture of tin* original and a new form of rust. 
Four months later a new race had completely supplantc'd the old 
race and gave an entirely different readmg on the diffc'rential hosts. 

These* facts may explain some of the difficulties the writers have 
experienced. It has been the practice to colh'ct urediospores and 
store them in a refrig(*rator at temperatures below 0° C. for various 
lengths of time, or until they were needed. Viabh* spor(*s have been 
kept in storage for more than 2 years, and markedly different results 
have been observed when they were used to inoculate plants at a 
later date. In no case, however, has a complete change been observed 
or has any new race been developed. The results, a priori, suggest(*d 
a contamination but under conditions that made it difficult to explain 
how it came about. Wliat happened to the race of wheat rust 
describ(*d by Newton and Johnson (5) may have occurred in bean 
rust that was stored by the writers at a considerably lower 
temperature*. 

More significant still are the results of Stakman, Levine, and Cotter 
(7), who demonstrated that not only did mutation take place in 
cereal rusts but that new races were isolated as the result of mixing 
the nectar of such species as Puccinia graminis tritici and P. graminis 
agrostidw Eriks. These results indicate that new physiologic races 
m^ originate from several causes. 

The sori on the leaves of highly susceptible plants grown under 
optimum conditions were uniform in size and produced an abundance 
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of urodiospores over a considorable length of time. On the other hand, 
not only may partially resistant or tolerant plants have a compara- 
tively small number of sori but there may be several grades of infec- 
tion, as for example grades 3, 7, 10, on tin* same leaf. So far as bean 
rust is concerned, a variety may react mesothetically to one or more 
physiologic races and not to others. California Small White (No. 
643) frequ(*ntly showed such a range in tlu' grade of the sori that it 
was sometimes difiicult to determine to which class they belonged. 
While it was highly susceptible^ to some physiologic racers, there may 
have', been many undeveloped sori that might fall in any grade from 
3 to 10. 

Difference's in reaction among se've'ral stocks of a single variety 
have' been the cause' of considerable confusion. The Re'fugee is a 
gooel example'. This variety is wieledy grown commercially. There' 
are seve'ial diffe're'nt strains all of which doubtless originateel from the 
same' pare'ntal stock. Howeve'r, the diflV'rent see'el e*ompanie's have' 
se'lecte'd lines accoreling to the'ir own faiu'y and have' e)btained strains 
that re'act (piite dillerently to a single' ])hysie)logic race e)f rust. 

Mow have ne'w races of be'an rust originated? The' answe'r can be 
only a matte'r e)f speculation. Hybridization in fungi has bee'n de'inon- 
strate'd, an el the' euigin of ne»w forms and race's by mutation is ge'nerally 
accepte'd. The' probabilitie'S are that the' different bean rust forms 
originate'd by one or the* other of the*s<* methods, if not by both. 
Be'an rust is autoe'cious and ae'cia have not be'en reperrte'el to oce*ur 
unde'r fie'lel conditions, but this circumstance' eloes not ne'cessarily 
pre'clude the* possibility of their occurre'nce anel their hybrielization 
unde'r natural conditions. On the other hanel, no one has ele'mon- 
strate'd that mutatiems have* occidTed in bean rust. It is probably 
safe to assiime' that the* diflere'iit physiologic races originated from a 
single ance'stral line* and that from it the* ne'w forms now known have 
developed either by hybridization or mutation. If tlu'se' methods of 
origin are* aceej)te'(i, one is justifie'd in concluding that new race's will 
originate* with increasing fre'quency in the future. 

The* distributie)!! of the* diffe*re'nt physiejlogie' races is shown in 
table* 3. The* colle*ctions are* limite'd anel a large*!- number fremi many 
more loe*alitie*s would be* necessary be*fore any general e'onclusions 
could be elrawn re*spe'eting the elistribution of the eliffere'iit race*s. 
Furthe'rmeue*, it is be'lieve'el that many more races could be discovereel 
by more anel wieh'r ce)lle>ctions. Foreign conn trie's e)ire'r a fertile 
field fre)m which to re*cruit new forms, anel knowleelge of such forms 
and the* varietic's ’e)f beans re*sistant to the*m is eh'sirable in any 
compre*he'nsive* program for breeeling rust-re*sistant varieties. 

Be*an rust e'piele*niics are e*xceedingly sporadic e'xcept in a ve'ry few 
localities wlu're the'y occur nearly eve'rv year. This indicates that 
rathe'r exacting e'nvironmental conditions are probably require'd by 
the* parasite. 

Beans are grown in e*ve*ry section of the country eithe'r commercially 
or in the home garden, and in view of the facility w ith which the spores 
migrate their presenct* can be assumed. Yet epidemics are the ex- 
ception rather than tin* rule, and there is no reason to assunu* that an 
outbreak will occur ev(*ry year even though there is an abundance of 
spore mat(?rial. Neither is there any reason to assume that if one 
race could start an epidemic all others could do the same thing under 
the same conditions, whicli would be equivah'iit to admitting that all 
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races are i(J(»ntical in every way except in the choice of the bean varie- 
ties they infect. They are presumably individualistic. Tempera- 
ture, humidity, and other environmental conditions that are optimum 
for one form of rust may not necessarily be optimum for another. If 
this is true, one form of rust might initiate an epidemic while a con- 
temporary race under identical conditions could not. Several physio- 
logic rac('s are usually obtained in a single collection, but generally 
one greatly predominates in number of spore's over the others. The 
form that causes the epidemic is probably the one best adapted to the 
conditions prevailing at the opportune' time>, whe'n tlun-e is a timely 
compn lability betwe'en the host and the parasite'. 

In view of th(» large number of races of rust alre'aely known, what are> 
the chance's of developing re'sistant varietie's? ''I'he difficulties in- 
crease' with the incTease in the number of spe'cialize'el forms. A 
knowledge of the> physiologic races themselve's and the environmental 
factors that ce)n tribute to their behavior are pre'requisite's in any 
extensive program of bree'eling for rust resistance. The' large numbe*r 
of commercial be'an varie'tie's on the market increases the' difFicultie'S 
of the problem. Most of tlu'se varietie's hold a firm place in the trade 
and cannot be ignore'el. The suse'eptibility or resistance of most of 
the' bean varietie's has be'e'n dete'rmineel for many though not all of the^ 
physiedogic rae'e^s. A care'ful study of table 2 (p. 724) will show that 
tlu're are seve>ral varietie's re'sistant te) any one race of rust, and the 
prope'r se'lection of pare'nts should ultimately yielel productive rust- 
resistant proge'iiies of the desireel ty])e. There are several varieties 
that are promising as pare'ntal material. Two of the difreremtial 
hosts (Nos. 705 anei 780) are' re'sistant to many forms of rust. No. 
765 is highly susceptible to only race 1»3, and No. 780 to e)nly races 13, 
14, and 16. Such varietie's as the London Horticultural and l-ow’s 
Champion also have promise. 

The foreign fielel has not bee'ii thoroughly ('xj)lore'd for resistant 
varieties and suitable pare*ntal stock. Idle' mate'rial from fore'ign 
countries that has been e'xamineel by the \\Titers was frequently com- 
posed of mixtures of many varietie's and biotypes. Fe'W of the 
varieties we're pure line's anei many we're jioor as to type and quality. 
Better progre'ss is probably possible by making use of the varieties 
grown in the United States whose (pxality, type, and rust beliavior arc 
known. 


SUMMARY 

Twenty physiologic races of bean rust (Urornyces phaseoli typica) 
have been differentiated on the basis of their reaction to seven dif- 
ferential host varieties. The races were identific'd from bean material 
received or collected from many localitic's in the United States and 
from the Hawaiian Islands. 

The grades of rust infection were arbitrarily established on a scale 
ranging from 0 to 10, immune varieties being graded 0, varieties with 
the highest degree of susceptibility, 10, and varieties with inter- 
mediate degrees of susceptibility being graded between these two 
extremes. Grades 3 to 5 or possibly 6 are regarded as commercially 
resistant. The degree of infection was found to be influenced by en- 
vironmental conditions such as light, heat, and length of day. The 
sori were slow to develop and remained undersized when the inocula- 
tions were made during the cloudy and short days of the winter 
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months. A j 2 :ra(le 1 infection in the winter months would often 
become a grade 2 or 3 on (*ertain varieties if the inoculations w(u-e 
mad(' in the spring or fall. 

Necrotic lesions (‘haracteristic of resistance (‘ould be detected in 
about 3 days after inoculation on the underside' of the h'af, while the 
flecks that devedop later into large pustuh's w(*re not (‘vident Ix'fore 5 
days. Thus, evidence of rc'sistance could be observc'd before there 
were any signs of inf(>ction on more susce'ptible hosts. Tin* re'sistant 
necrotic h'sions varied much in shape' anel size. 

The' susceptibility and resistance e>f a large number of commercial 
bean varie tie's we're te'ste'el with races 1 to 14. A fe'w varietie's were 
highly re'sistant or immune te) each race of rust, making it possible' to 
obtain at least one pare'iit varie'ty that could be utilizeel in bre'eding 
for elise'ase resistane’e'. 

Two or thr('(' physiologic race's may be pre\se'nt in one^ locality during 
a single year. The numbe'r of spores of one usually greatly predeim- 
inates ove'r the^ eithers. Tlu'sc races do neit ne'ce'ssarily re'cur in suc- 
ce'eeling yc'ars in the same locality. The'y may be' replaced by an 
entirely eliflerent race* or race's. 

lJre'eliosi)e)re5S can be kept in a viable condition fe)r as long as 2 
ye'ars if the* le'aves are drieel for a few elays at room tempe'rature' anel 
tlu're'afte'r store'el at —20° C. 
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RELATIONS OF NECTAR CONCENTRATION TO GROWTH 
OF ERWINIA AMYLOVORA AND FIRE BLIGHT INFEC- 
TION OF APPLE AND PEAR BLOSSOMS ‘ 

By S. S. IvANOFF, formerly research associate in plant pathology^ and G. W. 
Keitt, professor of plant pathology^ Wisconsin Agricultural Experiment Station 

INTRODUCTION 

Tlie opidemiology of tlio blossom-blight phaso of fir(' blight of apph^ 
(Malus sylrestris Alill.) and pear {Pyru.<t amiinums L.) incited by 
Erwinia arnylomra (Burr.) Winslow et al. is very variabh'-. The 
reasons for this variability are not satisfactorily understood. In 
recent years attcMition has been direcU'd to lu'ctar concentration as a 
factor influencing blossom infection. 

Beutler (3) ^ studi(‘d the inlluenci* of various factors on nectar 
coiicentration, and show(‘d that the concentration of nectar sugars 
stands in closi' inverse' n'lationship to n'lative humidity. Thomas and 
Ark {10) showc'd that lire l)light infection of ai)ple and pear l)lossoms 
is favored by low conc(‘nti*ations and hinderc'd or prevented by high 
conci'ntrations of lu'ctar. Th(\y proposenl that tlu' increase in volume 
and reduction in concentration of nectar during humid weather bears 
an imf)ortant relation to the incidence of fire Vdight. Further evidence 
bearing on the relation of nectar concc'iitration to fire blight infection 
was pres(‘nted by Hildebrand {4), Hildebrand and Phillips (6*), and 
A]*k (/). These experiments relating to fire blight were conducted 
chi(*fly in the laboratory with cut blossoms of apph' oi* pcuir or with 
cultures of Erwinia amylomra in comparatividy large' amounts of media 
in test tube's. The pre'sent pape'r re'ports further studie's de'signed to 
aid in interpreting re'lations of nectar cone'entration to variability in 
the' e'pidemiology of blossom blight. Special attention was given to 
work with tree's in bloom, e'ithe'r in the orchard or under partly (*on- 
trolled conditions in the' gree'nhouse. These studies we're interrupted 
whe'ii OIK' of the' write'rs was called to another post. The available' 
re'sults, though in se)me' re'spe'e'ts fragmentary, are' re'porte'd he're'in. 

Experiments were' elire'e'te'el along three major line's, as follows: (1) 
Growth and survival of the' bacteria in various conce'ntrations of 
nectar; (2) ine'asure'ine'nts of ne'ctar conce'ntrations under natural 
coneiitions \n re'lation to time', tempe'rature, anel re'lative' humidity; 
and (3) re'lation of ne'e*tar concent ratieni to the initiation of blossom 
infe'ction. 

' Roceivod for publication Fi’bruary 5, 1940. 

2 Italic numbers in parentheses refer lo Literature edited, p. 742. 

3 Natural and artificial nectars were used. Arinbruster {£) Riv(‘S a Kcneral review of literature on nectar. 
R(‘utler (?) reports occurrence of invert sugars and sucrost; in apple nectar in the projjortions by weight of 
12.8 to 8.7). Thomas and Ark (W) report analysi^s of iwar nectar showing relatively loss sucrose. The arti- 
ficial nectar used in the present work contained invert sugars and sucros<' in the proportions reported by 
Beutler (?) for ai)ple nectar, 0.4 parts by w^eight of dextrose. 0.4 of levulose, and H.,*) of sucrose b(*iiig dissolved 
in the following weak nutrient solution: Asparagine, 0.1 percent: sodium chlori<ie, 0.01 percent; dibasic 
potassium phosphate, 0.07) percent; magnesium sulfate, 0.02 jx^rcent: calcium chloride, a trace. This nutri- 
ent-sugar solution, hereinafter referred to as artificial nectar or artificial nectar solution, was adjusted to 
pH 7.0. 
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GROWTH AND SURVIVAL OF THE FIRE BLIGHT BACTERIA IN 
VARIOUS CONCENTRATIONS OF NECTAR 

The influence of concentration of artificial nectar on the growth of 
fire blight bacteria in vitro was studied in Van Tieghem-C(>ll cultures in 
which the amount of nectar and the number of bacteria approximated 
conditions encountc^red in natur(‘. The cultures were prepared as 
follows: The nutrient solution in a large flask and the sugar mixture^ 
in suitable amoimts in test tubes were sterilized separately in the 
autoclave. Bacteria '^ from 1-day- to 2-day -old cultures were then 
introduced into the cooled flask in such numbers that a Moo-cc. drop 
of the complete medium would contain about 15 to 30 bacterial cells. 
Measured amoimts of this nutrient solution were then adchul to the 
test tubes containing the sugars so that a series of seeded nuHlia was 
obtained containing, respectively, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 30, 
40, 50, and 00 percent of sugars. In addition th(»re wer(> tubes that 
contained tlu' weak nutricmt solution with bacteria but without sugar, 
and others that contanuHl the nutrient solution without bacteria or 
sugar. The conccMitration of the sugars in these media, was (dn^cked 
by nutans of an Abbe refractomoter and found to correspond to tin* 
desired p(TC(mtag(‘ in each case. Hanging-drop cultures ()ioo cc.) 
were made and placed in sterile Petri dishes. To prevent concentra- 
tion of the solution through evaporation, the cover slips bearing th(‘ 
drops were sealed with vaseline all around the ring, excc'pt for a small 
opening to allow exchange of gases in th(^ cell. For tlu^ same i)urpose 
a small amount of the solution (not seeded) from which the drop was 
taken was placed at the bottoni of the cell and in the Petri dish. TIk^ 
Van Tieghem cedis were prepared in triplicate for each nectar con- 
centration and incubateHl for 6 days at about 20° C. The bae^teuda in 
the drops were counted at the end of th(^ incubation p(‘riod aft(‘r fixing 
and staining. 

The results showed that the bacteria multiplied considerably in 
drops containing no sugars and in those containing 1 to 10 p(>rcent of 
sugars, but they did not increase greatly in the drops containing 20 
percent. No bacterial cells were seen in drops containing 30 p(>rcent 
or more of sugars, and no colonies appeared on nutrient-dextrose-agar 
plates when transf(‘rs from these drops were made. Growth increased 
sharply in the 1-percent drops and reached its optimum in the 2- to 
4-percent drops, after which it diminished rapidly as th(> concentration 
of the sugars increased. The limiting sugar concentration for growth 
under the experimental conditions seemed to be betw(»en 20 and 30 
percent. Some of the drops were kept for 14 more days, but no appre- 
ciable changes in the growth of the bacteria were noted. At this time 
the concentration of sugars in the drops was again measured with the 
refractomcter and found to be about the same as at the beginning of 
the trials. The detailed data of this and two similar trials are given 
in table 1. 

* Sot! footnote 3, p. 733. 

* Two isolates of Erwinia amj/lovorn were used in these te,sts, one of m(!dium pathojrenioity and the other 
highly pathogenic. Both were progenies of single wlls, isolated in hanging drops with microscopie control 

ai, 



June IS, 1941 Nectar ( hncentratwn and Fire Blight Infection 


735 


Table 1. — Growth of Erwiiiia amylovora in dropn of artificial nectar of various 
concentrations in Van Tieghem cells 




Bacteria per cubic centimeter’ in— 


P(5r(M^ntag(‘ concentration of 





sugars in ru'ctar 






First trial 

Second trial 

Third trial 

1 

A verage 


Number 

Number 

Number 

Number 

() 

7,000.eKK) 

23,000.0(M) 

48. (KM). (KK) 

20, (KK). OtK) 

1 

00, ooet. eHH) 

125, (KK), eXK) 


92, .KK), (KM) 

2 . , . 

1 12. eKK). oeM) 

130.0(M),(KK) 

H(MJ. (KK), 000 

347, 333, 333 

3 . . . 

Jl2,(K)0,0e)0 i 

102.(KK),(KK) 


107, (KK), (KK) 

4 

79, OtKl.eKK) 

58. (M)(), (KK) 

580, (KK). 000 

239, (M)0, 000 

5 

18. (.KM), eHM) 

28. 000, (KM) 


23, (KK), (KK) 


1,410. (KM) 

22, (KK), (KK) 

1().(K)(),(K)() 

13, 140, 000 

7 ... . i 

K40, (KM) 

22. (KK). (K)0 


11,42(),(KK) 

H . : 

173. 000 

0. (KK). (KK) 

l).0(K).eK)0 

4. 057, 000 


17,000 

2. (KK).(MK) 


l.(K)8,500 

10 . . . 1 


2.1KH),(KM1 

1 3. (KK). (KM) 

2. 5(H), (KK) 

20 

7.2(K) 

0 

IS, (KK) 

12. (KK) 

30 1 


0 

0 

0 

40 . . 1 




0 

^ 1 


‘•I 


0 


' Ntnnhor is Hppmviniato. 'The isolalt* used in trials I and 2 was of nn'dinni imflinKonicil y; that used in 
trial 3 was highly paiiH)}>:«*nic, Iasi or (irnwing, aiul produced more al)undanl growth on several media. M’rial 
1 was ma<le in 1931). trials 2 and 3 were made simultaneously in 1937. In ('stimalinii the numher of bacteria 
per cubic ccntiniel('r both dead and living organisms wen* included. 


T(‘sts won* intuit* on tlu* survival of llu* fire* blifxht l)a(*t(*i‘ia in drops 
of (•onot‘ntrato(l artificial n(*clar in Van Tiof 2 :lu‘in colls. Tlu* size of 
drops and rale* of s(*(*dinp: W(‘r(‘ tlu* saiiu* as in tlu* experiments just 
report (‘(1. Transf(*rs fi’oni these* S(*(*ded dro])s were made at siieeessive 
lime* intervals to drops of artilieial nectar (‘ontainin^* 1 percent of 
sugars, a eonee'nl ration that favors growth. The results showed that 
tlu* ))aet(*ria survived in tlu* n(*(*tar eonlainint^ 20 j)(*re(*nt of sugars for 
48 hours, percent for 24 lioui*s, and 40 and 50 jiereent for less than 
24 houi*s. 

P(‘ar blossoms w(*re inoculated with baet(*ria that had stood for 24, 
48, and 72 hours, respectiv(*ly, in lest tube's jiartly fille*el with artificial 
ne'ctai* solution containing 4() percent of sugars. The* turbidity of the 
bacte*riaJ suspensions corresponde*el to No. 2 of McFarland’s ne*phe‘lo- 
m(*tevr { 9 ). Fnough bacteria survived feir 72 heiurs in nectar (*ontaining 
40 pe*rce*nt e)f sugars to induce infe'ction. He)W(*ver, this e*\pe*rime*ut 
diffe're'd greatly from the* trials in Van Tie*ghe*m ce*lls in the* ameiunt 
of nu'dia use'd and the concentration of the* f)ae*te*ria. 

RELATION OF AMOUNT OF INOCULUM TO INITIATION OF 
BLOSSOM INFECTION 

Mildebiand ( 5 ) eibtained no infection of blossoms of dwarf pe'ar tre*e*s 
when approximate'ly 100 individual 0 (*lls we're* placed singly on the* 
stigmas, anthers, and ne*ctarie*s. Under similar conelitions, liowe've*]*, 
infe'ction r(*sulte*el in 1 out of 2 trials on dwai’f a[)ple* trees whe*n a single 
cell was transferred to the^ lU'ctary. The* re*lati\'e* humielity eluring 
these e*xpe*rime>nts was about 50 pe'jwnt. The* conce'ntration of the* 
nectai* w^as not measured. In another trial he obtaine*d infection in 
9 out e)f 15 cases whem single (*ells WH*re [)laced on apple ne'ctaries of 
excised flowers held in moist chambers in a room at about 24^ C. In 


i*e)042e» — 41 


4 
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similar tests with increased numbers of bacteria 100 percent infection 
was obtained from all inoculations in which 10 or more cells were used. 

Greenhouse infection experiments were made by the present writers 
on the blossoms of potted dwarf Bartlett pear trees when the concen- 
tration of the nectar sugars was kept at about 1 to 5 percent. Such 
nectar concentrations were induced by keeping the trees in a moist 
chamber for several hours or overnight, after which the receptacle 
cups were usually found to be filled or overflowing with dilute nectar. 
Bacteria from a higldy pathogenic culture grown 36 hours on nutrient 
dextrose agar slants were introduced into the receptacle cups in Jioo-cc. 
drops of sterile distilled water standardized to contain approximately 
10, 100, or 1,000 bacterial cells. Care was taken not to wound the 
blossoms. From 32 to 48 blossoms were used in each trial. The 
results were as follows, the first figure in each group showing the 
approximate number of bacteria in the inoculum and the second 
the percentage of blossoms infected: 10, 66; 100, 91 ; 1 ,000, 93. These 
data, which are in geiuu’al agreement with those of Hildebrand (5), 
indicate that 10 bacteria constitute a highly efficient inoculum when 
introduced into the nectar under sufficiently favorable conditions. 

MEASUREMENTS OF NECTAR CONCENTRATIONS UNDER 
NATURAL CONDITIONS 

Since nectar concentration may be a limiting factor in blossom- 
blight infection, it seemed (h^sirable to study the concentrations actu- 
ally encountered under natural conditions in Wisconsin orchards. 
Measurements were made by means of an Al)be refractometer, with 
record of time of reading, temperature, and relative humidity. The 
nectar was collected from one or more blossoms, depending on the 
quantity in which it was available. Illustrative results are shown in 
tables 2 and 3. 

It is obviously not to be assumed that these limited data can be 
taken as n^presentative or as covering the range of conditions that may 
be encountered in this State, The weather conditions, however, were 
not unusual. It may be noted that no rainfall occurred on the days of 
observation, except light showers on June 5 and 8, 1937 (table 3). 
In a large majority of the readings the nectar concentrations were 
well above those at which the fire blight bacteria can multiply. 

The evidence of diurnal fluctuations in the nectar concentration of 
apple blossoms at Madison in the period of May 15-17 and at Sturgeon 
Bay, May 24-28 (table 2) is of especial interest in relation to potentiali- 
ties for fire hlight infection. The early morning reading in each case 
showed a concentration favorable for infection, whereas the readings 
taken later in the day usually did not. None of the readings on pear 
nectar at Sturgeon Bay in the period May 30-June 11 (table 3), how- 
ever, showed nectar concentration favorable for infection, except the 
one made after the rain of June 8. 

A striking aspect of these data, meager though they are, is the strong 
predominance of nectar concentrations that would preclude multiplica- 
tion of the fire-blight bacteria and be disadvantageous for their 
survival. 
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Table 2. — Concentraiinns of pear and apple nectar under natural conditions, as 
related to time of day, temperature, and relative hu7nidity, at Madison and Sturgeon 
Bay, Wis.^ 1936 



Date 

in 

May 




Approxi- 

I^ocation and kind of 
blossom 

Hour of measurement 

'rempera- 

turc 

Relative 

humidity 

mate con- 
centration 
of sugars 






in nectar 

Madison: 




Per cent 

Percent • 

Pear _ 

12 

7;:K)a. m 

05 

87 

2 

Ho 

12 

9;(K) a. m. 

71 

00 


I)o_... 

12 

2:30 p, m 

72 

73 


Apple 

12 

2:30 p.ni . 

72 

73 


Do . 

12 

0:00 i). in 

07 

08 


Pear 

12 

13 

n.oo p. nr . . . . _ . 

9:(K) a. m 

07 

57 

08 

72 


Do 


Do 

14 

ll:(K)a. m 

03 

01 


('rah apple 

14 

OKK) p, m _ . . 

03 

00 

48 

A pide 

15 

7:00 a. m 

.53 

55 

5 

Crab apjile 

15 

0:00p. m._ , . 

73 

50 

48 

Apple 

!« 

9:(K) a. m 

70 

70 

5-10 

Do 

in 

12:(K) m . 

81 

42 


Do 

in 

0:00 p. m 

11:00 a. m . . 

83 

75 

40 


Do 

17 

02 

5 

Do 

17 

4:00 p. Ill 

75 

00 

2 40 

Sturgeon Hay: 





Apple 

24 

7:00 a. m . . 



5-10 

i)o .. 

24 

12 m 



2 21 

Do 

24 

4:30 |). Ill . 

73 

05 

2 70 

Do 

27 

7:30 a. nr. .. ... 

00 

79 

1 10 

Do 

27 

12:(K)m 

71 

53 

Do.. . . 

27 

n:(K)p. m 

02 

58 


Do 

28 

7 30 a. rn _ 

51 

72 

4 

i)o 

28 

12:00 m 

70 

55 







• Where no rcarliiiK Is given the r(‘(!ei)tacle cups were dry or nearly dry. 

2 Measurements made on a small composite sample diluted with water, and iHircentage of sugars 
estimated. 


Table 3. — Concentrations of pear nectar under natural conditions, as related to 
time of day, temperature, and relative humidity, at Sturgeon Bay, Wis,, 1937 





(^nneen- 




C.Nineen- 

Date and hour of 

1'emper- 

Relative 

tratinn 

Dale ami hour of 

"I'emper- 

Relative 

tratiun 

measurement 

at lire 

humidity 

of .sugars 

measurement 

atur(‘ 

humidity 

of sugars 




in nectar 




in iK'ctar 

May 30: 


Percent 

Percent ' 

June 7: 


Percent 

Percent * 

7:(M) p. Ill 

70 

08 

30 

7:00 a. m 

55 

71 


May 31: 




ll:(K)a. 111 

04 

50 


8:(X) a. Ill 

82 

09 

30 

8:00 p.m... 

52 

75 


12:(X) m 

87 

57 

01 

9:00 p. nr . . .. 

52 

■’< .58 


4:30 p. m 

80 

57 

59 

June 8: 




8:(K) p. m 

70 

07 

35 

7:30 a. m 

51 

88 

(2) 

June 1: 




9:(K) a. in . 

55 

70 

3 

8:00 a. Ill 

50 

87 

30 

3:00 p. Ill 

00 

58 


12:00 111 . 

59 

tw 

50 

0:00 p. m 

55 

t»5 


12:45 p. m 

01 

02 

52 

June 9: 




0:15 p. m . .. 

58 

83 

38 

7:45 a. m 

55 

05 


June 3: 




9:(K) a. m 

tiO 

49 


8:(M) a. Ill . . . 

02 

70 


2:15 p. in 

08 

47 


0:00 p. Ill 

00 

73 


June 10: 




June 4: 




11:30a.m. i 

74 

45 


10:30 a. ni . 

04 

75 


5:30 p. Ill - . 1 

j 09 

04 


June 5: 




June 11: 




0:30 a. Ill . 



(*) 

12:00 m 

83 

40 


5:30 p. Ill . 

00 

97 






June 0: 








1 :00 p. m 

00 

5:1 






4:00 p. m . . 

59 

08 


i 





> Where no reading is given the receptd(5le cups were dry or nearly dry, unless oilierwl.se notetl. 
2 Light shower. No reading made. 

* Wind. 
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RELATION OF NECTAR CONCENTRATION TO BLOSSOM 
INFECTION 

ll was sought to chock and siipploment the ovidonco thus far dis- 
cussed by blossom-infection oxperim(*nts under partly controlled con- 
ditions in which the relations of nectar concentration W(T(* studied. 

Field trials in which the blossoms were inoculat(‘d by means of a 
small camers-hair inoculator with bacteria suspcuided in artificial 
nectar solutions of various concentrations were mad(' at Madison and 
Sturg('on Bay in orchards in which no natural occurrence of fire 
blight was observed. Tlu' inoculated blossom clusters and controls 
were bagged during tlu' incubation period. The r(‘sults, which are 
givtui in tables 4 and 5, indicate that infe(*tion occurr(‘d freely when 
the bacteria were introduced in low concentrations of nectar, but that 
it was lacking or sparse when they wer(‘ introduced in tlu' highly 
concentrated artificial lu'ctar. In this conn(M*tion it should bc' not(‘d 
that in at least oiu' trial with concentratcMl nectar infection occurrcnl 
long after the usual incubation period (footnote 3, table 4). It is 
thought that such inf (action may have occurrc'd only after tlu' nectai* 
had become diluted through a natural procc'ss. It is likely that iitider 
fi(‘ld conditions the conccuitration of nectar may change consid(‘rably 
in a shoi’t time and thus facilitate, rc'tard, or ])r(‘vent infection aft(‘r 
inoculation has taken plac(‘. This question was further investigated 
in experiments r(‘i)ort(Ml in tlie following j)aragraplis. 


Table 4. — Concentration of artificial nectar in which the bacteria were sufipended in 
• redation to blight infection of pear and apple blmsoms^ at Madiaon, Wis., lOdd 


Kind of 
blossom 


[Nnir. 


Coneen- 
tratioii of 


Time inoculated and atmos|)h('ric 
conditions 

niovss( 

sugars in 
the bac- 
terial sus- 

Treat 111(01 f of l)lossoiiis ' 

Date 

Approxi- 

Tern- 

..... 

H(*la. 

'rreated 

lieusion 


ill 

May 

mate 

hour 

pera- 

tun^ 

humid- 

ity 

Percent 

•" ■ 

— 


" F. 

PvTcmt 

Su mher 

0 

Inoculated without wound- 
ing. 

12 

7:30 u.rn. 


S7 

120 

0 

Iii()eulat(‘d tiy puncturing 

12 

7:30 a.ni. 

«i5 

87 

14 


Water droi) without baeb'ria 
jdacji'd in rece{)tacle cu|). I 

12 

7:30 a.ni. 


87 

15 

] 

ln((culate(l without wimnd 
ing. 

12 

6:(M) p.in. 

67 

68 

30 

40 

do 

12 

6:00 p.in. 

67 

68 

IS 

0 

do 

n 

9:(K) tt.m. 

r)7 i 

72 

30 


1 noculated by puncturing. . 

13 

9:00 a.m. 

ru \ 

72 

10 

40 

Ino(!ulate(l without wound- 
ing. 

13 

9:00 a.m. 

57 1 

72 

2t) 

40 

Inoculated by rmneturing 

13 

9:00 a.m. 

67 

72 

10 


Rlos.soms not treated, same 
branch. ^ 

13 

9:IM) a.m. 

57 

72 

50 

0 

Inoculated without wound- 
ing. 

14 

11:00 a.m. 

63 

61 

24 

1 

. do 

14 

4:(K) p.m. 

65 ; 

65 

25 


Dis- 

i ('rtS(’d “ 


imi 

0 

» 0 
f)0 
100 
0 

100 

0 

70 

68 


1 Inoculations without wounding were made by placing a small (lroi> of bacterial suspension in the re- 
ceptaede cup by means of a small caracl’s-hair- brush inoculator. 

2 Records on disease development were taken about a week after treatment. 

3 Most of the inoculated blossom.s were found di.seastul at a later inspection. Iiifeetion may have started 
later, after conditions in the recet)tade cup became more favorable. 

< On the same branch as puncture Inoculations of the same date. 
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'^1'able 4. — Concentration of artificial nectar in which the bacteria were suapended 
171 relation to blight infection of pear and apple bloBsorns, at Madiaon^ 1T7.S'., 
1936 — Continued 



Tonci'n- 


'Pime inoculat'd and atmosi)heric 
conditions 

Blossoms— 


tration of 








K ind of 
blossom 

sugars in 
the ba(‘- 

d'reatnient of blossoms 

Date 

Approxi- 

Tern- 





terial sus- 



Treat f'd 

Di.s- 


pension 


in 

May 

mate 

hour 

pera- 

ture 

humid- 

ity 

eased 


Percent 




°F. 

Percent 

Mu mber 

Percent 


1 

Inoculated without wound- 

14 

4:(M) p.in. 

05 

55 

,50 

82 


1 

ing. 

ln(K‘Ulat<?d by i)uncturinK 

14 

4:00 p.m. 

05 

55 

25 

100 



niossoms not treated, same 

14 

4:00 p.m. 

05 

55 

73 

0 



branch. < 







1 

Inoculated without wound- 

10 

11:(M) a.m. 

77 

47 

25 

70 



inu. 








5 

... do 

l« 

11:00 a.rn. 

77 

47 

80 

77 


40 

do 

10 

11:(K) a.m. 

77 

47 

24 

0 


40 

Inoculated by puneturiiiR 

10 

ll.CK) a.m. 

77 

47 

15 

1(K) 



lilo.s.soms not treated, same 

10 

ll.mia.ni. 1 

1 77 

47 1 

23 i 

' 0 



branch. ^ 




1 



Apple. . 

0 

Inoculated without wourid- 

17 

10:00 a.m. 

77 

05 ! 

! 25 ■ 

24 



injj. 



t 

i 

1 ! 



0 

Inoculated by puncturing 

17 

lO.tM) a.m. 


05 i 

27 1 

1(K) 


2 

Inoculated without wound- 


10:;i0 a.m. 

70 

03 1 

35 I 

51 



ing. 




1 




4 

. do 


10:30 a.m. i 

70 

03 

25 

' 44 


0 

.. do 

1 •" 

1 11:00 a.m. 

75 

02 

24 

0 


H 

do ... 

17 

Il.tK) a.m. 

75 

02 i 

25 

1 


20 

(jo 

! 17 

11:30 a.m. 

75 

02 

25 

0 


40 

(io . 

17 

11:30 a.m. 

75 

62 

25 

i h 


40 

Inoculated by puncturing . 

17 

12:(K)m. 

75 

02 

20 

100 



WaUT drof) w ith(»ut buct<Tia 

17 

12:00 m. 

75 

! 02 

32 

0 



placed in receptacle cui». 








^ On the siiiio branch as puncture inoculations of the same date. 


Table 5. — Concentration of artificial nectar in which the bacteria were suspended in 
relation to blight infection of apple blossoinSy at Sturgeon Bay^ iTu*., 1936 


Percentage coiUH'utra- 


nio!iso:.;s- 1 

tiori of sugars in the 

Treatment of blo.ssonis * 

— 

i exu<latc 

bacteria] sus[)ension i 


Treated 




Nf umber 

1 - " 

Percent 

0 

Inoculated without wounding 

28 

28 Yes. 

0 . 

Inoculated by uuncturing . . 

7 

100 Yes. 

2 , 

Inoculated without wounding 

28 

78 Yes. 

2 ... 

Inoculated by puncturing 

S 

87 Yes. 

4..... 

Inoculat(>d without woumiing 

17 

61 ■ Yes. 

0 

. do 

24 

70 i Yes. 

10 . . 

. . do 

45 

46 Yes. 

20 

. .do . _ . 

3.1 i 

30 Xo. 

20 

Inoculated by i)uncturing 

H 1 

100 No. 

40 , . 

Inoculated without wounding . 

27 i 

7 

40 

Inoculated by puncturing . . ... 

0 i 

'83 \o. 


Water droj) without bacteria placed in recjeptacle 

12 : 

0 ! 


cup. , 




Blossoms bagged but not treated . . ! 

i 48 1 

» ! 

i 


‘ A 0.3-i)ercent sui>i)leinent of sodium riiiinoleate was added to (‘.ich artiHciid nectar solution for the purpose 
of decreasitiK the surface tinisioii of the solution. 

^ See footnote 1, taf>le 4. 

* The time of infection of tlie w blossoms cjuestionible. 
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In a groenliouse trial the blossoms of potted pear trees were inocu- 
lated with bacteria suspended in artificial nectar ranging in sugar con- 
centration from 1 to 40 percent. Some of the trees received a 12- to 
16-hour treatment in a moist chamber (7) at 20° to 22° C. immediately 
after inoculation, while others were left in the greenhouse without such 
treatment. One hundred percent infection occurred in blossoms 
inoculated with artificial nectar suspension containing 1 percent of 
sugars, whether the trees were given the moist treatment or not. 
Like results were obtained with blossoms inoculated with a nectar 
suspension containing 10 percent of sugars, with a moist treatment 
following inoculation. Considerable recluction in infection occurred 
in blossoms inoculated with this same nectar suspension with no 
treatment following inoculation, and in blossoms inoculated with a 
nectar suspension containing 40 percent of sugars with a moist treat- 
ment following inoculation. No infection occurred in blossoms in- 
oculated with the suspension containing 40 percent of sugars but given 
no moist treatment after inoculation. In these trials no recx)rds were 
taken of the concentration of nectar in the blossoms during the in- 
cubation period. Such records seem necessary in order better to 
interpret some of the results obtained. The trials re]K)rted in tlie 
following paragraph afford such data. 

Three successive trials were made in the field at intervals of several 
days, in which pear blossoms of an unknown variety wore inoculated 
with fire blight bacteria suspended in water and in artificial nectar 
solutions containing 10 and 40 percent of sugars, respectively (table 
6). On 3 successive mornings following inoculation, records were 
tak(‘n of the concentration of the mixed artificial and natural uoctar 
and of the natural nectar of untreated blossoms. In trials 1 and 2 
infection occurred only in blossoms inoculated with bacteria suspended 
in water. The sugar concentration of the mixed artificial and natural 
nectar and also of the natural nectar for the first 3 days after inocula- 
tion stood at 52 percent or higher. In some cases the nectar was so 
concentrated that no measurable samples were obtainable. During 
these 3 days the relative humidity was al)Ove 70 percent and no rain 
or heavy dew occurred. In the third trial, however, 100 percent in- 
fection occurred at the end of the incubation period in all the inoculated 
blossoms. The concentration of the mixed artificial and natural 
nectar and the natural nectar during tjj# first 2 days following inocu- 
lation was relatively low, however, var^g from 3 to 15 percent. 
During the 2 days light showers fell at intePVills, the skies were 
clouded, the temperature was relatively low, and the relative humidity 
was near the saturation point for several hours at a time. Seven 
other similar trials were made during the same season at Sturgeon 
Bay with similai' results. 
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Table 6. — Relation of nectar concentration to blight infection of pear blossoms in the 
orchard^ at Madison j UTs., 19S7 


(.'oiioenlra- 
tion of 
.sugars in 
artificial 
nectar in 
which the 

Concentration of sugars 
in the natural nectar 
of controls at indi- 
cated time after inocu- 
lation 

Concentration of .sugars 
! in the mixed artificial 
and natural nectar at 
indicated time after 
inoculation 

Blossorn.s-- 

_ 

inoculum 

was 

siisi)cnded 

1 day 

2 days 

! 

3 days 

1 day 1 2 days 

i 

1 

1 3 days 

Inocu- 

lated 

Dis- 

eased 

Per cent 

Percent 

1 

Percent ‘ 

Percent 

Percent Percent 

Percent 

\Nu mher : Percent 

1 “ 

C) 

(2) 

(2) 

0) ! n 

(2) 

48 

02 


1 

(2) 

(2) 

(n (2) 

1 (2) 

45 

0 

I 40 

0) 

(2) 

(2) 

52 .50 

i OS 

92 

0 


(2) 

(2) 

(2) 

(2) (2'> 

(2) 

00 

03 

] JO 

(2) 

n 

(2) 

(2) (2) 

(■) 

45 

0 

1 40 

(2) 

(2) 

(2) 

02 

00 

08 

0 

0 


!•'> 

(2) 

2 11 

(2) 

t>5 

1(K) 


3 

15 

r2) 

0 13 

(') 

<>4 

lOf) 

[ 40 

3 

15 

(2) ! 

12 14 

42 

120 

i(K) 


• SuRar concentration not measurable. 

2 Cups dry. 

3 Rain fell a few hours after inocailation. Humidity continued hifih (90 to 99 percent) throuRhout the fol- 
lowiriR day. 

DISCUSSION 

WhoTi t.lie bacteria were placed in small droplets of artificial nectar 
in Van Tie^hern cells in the method used in the present work, they 
tended to be limited in j^rowth at somewhat lower sugar concentra- 
tions and to survive for shorter periods than in the test-tube experi- 
ments reported in earlier work (7, 6', 10) or herein. Growth of the 
bacteria in artificial nectar and infection of imwounded blossoms 
inoculated in the nectar occurred freely under the conditions of these 
experiments only when the sugar concentrations were in the lower 
range encountered in natural nectar. Sharp inhibition or prevention 
of growth and infection occurred at the lower intermediate concentra- 
tions. There was usually no growth or infection at the medium and 
higher concentrations, which predominated in tlie orchard observa- 
tions. 

The data thus far available shed considerable light on the relations 
of sugar concentration to the growth of Erunnia amylovora in vitro 
and to blossom-blight infection following artificial inoculation. They 
show beyond doubt that nectar concentration can limit blossom-blight 
infection, but the detailed manner and extent of its influence on 
epidemiology seem still to be obscure in many respects. Are the 
results obtained in a limited number of experiments under artificial 
conditions a sufficient guide to the interpretation of what happens in 
the wide ranges of nature? Do we know what to expect when the 
bacteria are introduced into the nectar by insects? Will they be 
transmitted freely by nectar-sipping insects from one blossom to 
another when the nectar concentration is high? If so, will they 
survive and initiate infection when the nectar becomes sufficiently 
dilute? For what time and through what range of natural conditions 
can the bacteria thus survive in tlie concentrated nectar and still be 
able to incite infection? Do such insect-deposited bacteria commonly 
lie in wait in the concentrated nectar of apple and pear blossoms, 
ready to initiate infection as soon as a favorable dilution permits? Or 
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are there sharp limitations on insect transmission and survival of the 
bacteria in nectar? If so, what is their nature? Adequately con- 
trolled experiments involving natural transmission of the bacteria 
seem necessary for the elucidation of such questions. A beginning of 
studies on the experimental transmission of fire blight by bees and its 
relation to nectar concentration of apple and pear blossoms is 
reported elsewhere in this Journal ( 8 ). 

SUMMARY 

The optimal concentration of sugars for growth of the fire blight 
pathogen, Erwinia arnylovora, in ) 4 oo-cc* drops of artificial nectar in 
Van Tieghem cells was 2-4 percent. Growth rapidly decreased with 
increased sugar concentration, none occurring at 30 percent. The 
bacteria survived for 48 hours in similar drops containing 20 percent 
of sugars, 24 hours in 30 percent, and less than 24 hours in 40 or 50 
percent. When tubers of artificial nectar containing 40 jXTCcuit of 
sugars were heavily seceded, the bacteria survived for 72 hours and 
incited infection when placed in pear blossoms. 

Approximately 10 bacteria in a Jioo-cc. water drop constituted an 
effective' inoculum when jJaced in dilute nectar of pear blossoms. 

Abbe^ refractometer readings are reported for nectar of pe'ar (Pyrus 
communis) y apple {Mol us sylvestris)^ and crab apple (Malus coronaria) 
collected uneleT various conditions in nature, with recorel of time', 
tempe'rature, and relative' humidity. 

Infection of unwounded pear or apple blossoms inoculateel l)y plac- 
ing small droplets of bacterial suspemsion in the ne'ctar occurre'el freely 
only when the sugar coiua'ntrations weTe‘ in the lower range encoim- 
tered in natural nectar. Sharp inhibitie)n or prevention of infe'ction 
occurred at the lower intermediate concentrations. There was 
usually no infe>ction at the medium or higher concentrations, which 
predominated in the orchard readings. Ilowever, infection oc(*urred 
if the concentrated nectar was sufficiently diluted soon enough after 
inoculation. 
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TRANSMISSION OF FIRE BLIGHT BY BEES AND ITS 
RELATION TO NECTAR CONCENTRATION OF APPLE 
AND PEAR BLOSSOMS ‘ 

By G. W. Keitt, professor of plant pathology, and S. S. Ivanoff, formerly research 
associate in plant pathology, Wisconsin Agricultural Experiment Station^ 

INTRODUCTION 

The pione('r invostipitions of Waite (77, fSy 19Y and latcd* experi- 
ments and observations by many others have established beyond doubt 
that the honeybee and some other insects are capable of transmitting 
the blossom blight of apple {MeJm sylvestris Mill.) and pc^ar (Pyrus 
communis L.) incited by Erwinia amylovora (Burr.) Winslow et al. 
For many years after this discovery insects were generally thought 
to be the only important agents for transmission of blossom blight. 
Later investigations (e. g., 3, 4, 7, 10, 16), however, have shown that 

meteoric water is an important factor in its spread and that under some 
conditions minute aerial strands of bacterial exudate may be dissemi- 
nated by wind. The relative importance* of insect and water trans- 
mission, which seems to vary greatly with conditions, is subject to 
considerable difference of opinion. Since blossom blight is one of 
the most important phases of the fire blight problem, a bettei’ under- 
standing of its epidemiology is highly desirable. 

Though it is generally accepted that beciss can transmit blossom 
blight, comparatively little experimental work has been done on the 
details of this transmission or on the factors that favor or limit it. 
It has l)(*en the purpose of the present work to contribute to a re- 
examination of these aspects of the problem in tin* light of recent 
information, especially in their relation to n(*ctar comientration. 
These studies, which were pursued in the spring of 1936 and 1937, 
were unavoidably interrupted when one of the authors was called to 
another post. The available results are reported herein. A companion 
study on nectar concentration in relation to tin* growth of Erwinia 
amylovora and infection of blossoms following artificial inoculation is 
reported elsewhere in this Journal (8). 

Literature on the transmission of fire blight has been reviewed by 
Parker (77) and others. Consequently, only pap<*rs that seem 
especially pertinent to the present work are cited herein. 

DIRECT TRANSMISSION FROM CONTAMINATED TO 1 NCON- 
TAMINATED BLOSSOMS 

An objective of the following (experiments was developm(>nt of 
methods wherel)y transmission of fire blight from one blossom to 
another by homeybees {Apis mellijera L.) could be studied experi- 
mentally under adequate control. Some needs for spcecific information 

‘ Kcceived for publication February 5, liMO. 

* Orateful acknowledgments are made to ])r. Erwin C. Alfonsus, formerly instructor in beekeeping. 
University of Wisconsin, for assistance in handling the bees and adviijc on some phases of this problem. 

* Italic numbers in parentheses refer to Literature Cited, p. 752. 
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concerning: such transmission in relation to the epidemiology of 
blossom blight have been discussed elsewhere (8). 

Experiments were performed in three ways: (1) Individual marked 
bees of an uncontaminated nucleus hive in a large cloth cage in the 
greenhouse successively visited inoculated ^ and uncontaminated 
blossoms of potted trees; (2) bees of an uncontaminated nucleus hive 
in a large cloth cage in the greenhouse freely visited two potted trees, 
one with inoculated blossoms and the other with uncontaminated 
ones; and (3) an uncon taininated bee, handled in a specially designed 
wire cage, visited inoculated blossoms and theii uncontaminated ones 
in the greenhouse or the orchard. 

Evidence that the bec's were not contaminated with the fire blight 
baettvria at the b(*ginning of the experiments is based on tlie following 
pre(*autions and tests. The bees of the nucleus hives were brought 
from Ijouisiana in (‘arly spring before they had opy^ortunity to leave 
the hive. If the hive had been contaminated in the preceding year, 
the evidence is strongly against the possibility that the bacteria woidcl 
have overwint(‘red in it (6‘, 11 , 12 15). When the hives had Ixaui 
placed in the cloth cages, the bees were allowed on 2 successive days 
to visit uncontaminated blossoms of potted apple and pear trees that 
had been held in a moist chamber to bring the nectar to a dilution 
favorable for infection. Each individual bee used in experiments 
with the small wire cage was allow^ed to work on a few uncontaminated 
blossoms before it was employi^d in the subsecjinmt transmission 
experiments. In all these' control experiments the Ix'es were' seen to 
introduce the glossa into the i‘(H*eptacle cup and re'inain in position 
long (*nough to indicate that they were sipping nectar. Throughout 
all the experiments on transmission, no indication was found that the 
bees were contaminate'd b(*fore they were p(>rmitt.('d to visit the inocu- 
lated or diseas('d blossoms. 

Some typical experiments on transmission lire d(^s(*ribed below as 
illustrative of the methods and results. . 

About .50 blossoms of a 3-year-old dwarf Bartlett pear tree in the 
greenhouse wert' inoculated in the nectai* by means of a small earners 
hair inoculator at about 6 p. m. The tree had previously been lu^ld 
for a few hours in a moist chamber (0) with the curtains wet but spray 
not running, in order to bring the nectar to a concc'ntration low enough 
to favor inh'ction."' After inoculation it was kept overnight in another 
moist chamber. On the following morning measurements of nectar 
by means of an Abb^ refractometer showed that the sugar concenti a- 
tion varied from 3 to 5 percent, whether the blossoms had been inocu- 
lated or not. Platings were made from inoculated and uninoculated 
blossoms at 3 time intervals that day. Fire blight bacteria, which 
subsequently caused typical infection in inoculation tests, were isolated 
in all trials from inoculated blossoms, but in no case from uninoculated 
ones. On the morning after inoculation, this tree, with a like one that 
had received similar moist treatment but no inoculation, was placed 
in a cloth cage. Each tree was protected by mosquito netting, so that 

* Unless otherwise stuted all inoculations were made on the preceding day by introducing a drop of about 
1/400 cc. of bacterial susi)ension into the receptacle cup by means of a camel’s hair inoculator, with care not 
to wound the host tissue. 

> V nless otherwise stated all potted trees, before and after being used in the transmission exfjeriments, were 
placed overnight in the moist chamber at about 20® C., with the curtains wet but the water not running. 
The Inoculated and the uncontaminated trees were kept in sef)arate chambers. At the end of a moist treat- 
ment, the nectar in the blossoms was usually abundant, and contained 3 to 6 percent of sugars. On keeping 
the trees in the greenhouse for 1 hour at about 24®, the concentration of nectar sugars usually rose to 10 or 
12 i>ercent. 



June ]6, 1941 


747 


Iransrnission 0 / Fire Blight by Bees 


individual blossom clustcu-s could he ('xposcnl to visitation by bees oi- 
covered at will. An uncontaminated nucleus hive of bees 'was then 
placed in the cage. An inoculated cluster was (‘xposed, with the aim 
of having one b(H‘ sip nectar from the blossoms.** Most of the bees 
flew about above the trees but only a fc'w actually approached tlu^ 
exjiosed cluster. As soon as one alighted on an (*xpos('d blossom it was 
markfHl on tlu^ thorax with a droph't of R]j('cially pri'pared anilin(> dye 
and no otluu* bees wen' permitted to touch this clust('r. This bee was 
allow^ed to work on th(' inoculated blossoms until it had a good chance 
to become contaminated Init not long enough to g('t its fill of nectar. 
The inociilat('d clusti'r was then coven'd and oiu' on the uninoculated 
In'c was exposed. Tlic marked bee, without ret inning to the hiv(‘, 
alighted on tin' blossoms and worki'd on (‘ach of them, at times n't lim- 
ing to a blossom it had already sipped from before going to another it 
had not yet visited. Each blossom the bec' touclu'd was marki'd, and 
the order of visitation w^as r('cord(d. Aft(‘r the bi'c had visiti'd all the 
blossoms, it w^as caught and tin' cluster was covered. Tht' glossa w^as 
cut off w ith st('rii(' instruments and its apical part dippi'd successivi'ly 
into the lu'ctar of 10 blossoms of a third availabh' tiM'e having aViundant 
ni'ctar of a concentrat ion favorable for inf('(*tion. Tin' glossa and tlu' 
lioiu'y stomach were cruslu'd and jilated. The thri'i' trees w c'ii' then 
incubat(‘d overnight in the moist chamlx']* at about 20® C., with tlu' 
curtains wet but tlu' water shut off. On th(' following morning thc' 
blossoms of all tin' trees were found to contain abundant n(‘(*tar. TIh' 
tri'i'S wi're th(‘n lurther incubated in the greenhousi' for 7 days at 
about 22® to 24®, after which thc ri'sults wi're taki'ii. The trees 
weri' ki'pt under observation for an.oth('r month. 

The ri'sults of this ('xperimi'iit show^ that thi' bee transmitti^l thi* 
disi'asi' from tlie inoculated blossoms to 2 of the 4 iincontaminati'd 
blossoms it visited. No disease d(‘veloped in thi' 10 blossoms that 
w^ere touched with the bee’s glossa. The glossa, however, yieldi'd a 
few' firi' blight colonies that were subsequently shown by inoculation 
to be pathogenic. The honey stomach yieldi'd a great number of 
micro-organisms, none of which resembled the fire bliglit iiathogi'ii. 
Most of the blossoms inoculated with the camel’s hair inoculator 
showed macroscopic symptoms of blight within 4 days. Blossoms 
that W'cre not inoculated did not shinv any disi'asc. Thi' experiment 
just di'scribed w'as performed four more times under similar conditions. 
Only one of these trials gave positive j esults." 

Transmission was also accomplished in two trials of another type, 
in which an inoculated and an uninoculated tree were ki'pt. together in 
a clotli cagi' for 5 hours, the bees of an uncontaminati'il hive freely 
visiting thi' blossoms of both trees. In the first trial 82 of the 61 
blossoms of a dwarf Bartlett pear tree (un inoculated whi'ii placed in 
the cage) became diseased within a week after the bees’ visitation, 
anil in the second 46 of the 87 blossoms on a Seckel pear tree (likewise 
uninoimlated when placed in the cage) blighteil. The disease was 
therefore transmitted to 52 percent of the blossoms of these tw o trees. 

« Bees may visit blfwsoms to collect i)Ollen or reconnoiter without sipi»inK nectar. In these experiments 
they w'ere regarded as sipi)ing nectar w'hen they extended the glossa into the recrepiacle cup and remained in 
iwsitlon for a distinctly longer i>eriod than would be recpiired for reconnoitering. 

The amount and (ioncentration of nectra changed lapidly after the trees were taken out of the moist 
chamber. For instance, in one case the concentration of nectar sugars rose from S.A percent to 11 i)erc«ni 
in 50 minutes. In a few hours the volume of nectar was so diminished that measurable samples were not 
obtainable. These changes in the amount and concentration of nectar during the course of an experiment 
may have influenced the amount of infection ( 8 ), notwithstamiing the fact that the moist treatment of the 
plants after visitation by the bees induced nectar concentrations favorable for infection. 
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Most of the tests on direct transmission of blossom blight by selected 
individual bees were made with the use of a small wire bee cage 
or trap (fig. 1). The chief advantage of this cage is that it permits 
keeping a particular bee with known history through scweral operations 
in association with any selected clusters as long as the bee remains 
alive and active. The cage, made of 16-mesh galvanized wire screen, 
is about 10 inches long and 4% inches in width and height. It con- 
sists of two detachable halves connected with hinges on one side 
and with a hook on the opposite side. Two sliding doors, each 
placed near the outer end of one of the hinged sections, cut off small 
compartments (fig. 1, a and c). A bee is easily caught with this 
cage and confined in the central large compartment (fig. 1,6). Then 



Figure 1. — Wire bee cage used in the inoculation experiments: a and c, Small 
outer compartments; h, large central compartment. 


one of the trap doors is lifted and the insect is confined in the small 
outer compartment. Later the central compartment is opened, 
placed about a blossom cluster, then closed and hooked. The trap 
door is lifted, and the bee is allowed to visit the blossom cluster. After 
it has worked on the blossoms sufficiently, it is driven back into the 
small compartment and thc‘. sliding door is closed. The same bee is 
then used again on other blossom clusters, carried safely from one 
orchard to another, kept overnight, or handled otherwise according 
to the requirements of the experiment. 

Transmission e.\periments with the wire bee cage included the fol- 
lowing steps: 

1. In an orchard in which no naturally occurring fire blight had been found, 
10 blossom clusters of apple or pear were bagged separately, 2 of which were 
inoculated with the fire blight organism suspended in pure water or in artificial 
nectar* of various concentrations, as desired. 

» The artificial nectar used contained invert sugars and sucrose in the proiwrtions reported by Boutler ( 1 ) 
for apple nectar-H6.4 parts by weight of dextrose, 6.4 of levulose, and 8.5 of sucrose fc>eine dissolved in the 
following weak nutrient solution: Asparagine, 0.1 percent; sodium chloride. 0.01 percent; dibasic potassium 
phosphate, 0.06 percent; m^nesium sulfate, 0.02 percent; calcium chloride, a trace. The solution was 
adjusted to approximately pH 7.0. The details of preparation are reported elsewhere (8). 
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2. About 1 to 3 days later, a bee was caught in the sterilized cage and allowed 
to sip nectar from two of the uninoculated clusters. The total number of blossoms 
worked on was noted. 

3. As soon as the cage could be shifted into position, the same bee was allowed 
to sip nectar from an inoculated cluster. 

4. After a similar brief interval, the same bee was allowed to work on four of 
the uninoculated blossom clusters. 

5. The bee then was decapitated, its glossa and honey stomach plated, and the 
pathogenicity of the recovered bacteria tested. 

In some special trials the concentration of the nectar in tlic blos- 
soms was measured just before or just after the bee’s visit. 

By using the technique just described, in some cases omitting steps 
1 and 5, 32 transmission tests were made in the greenhouse or the 
orchard at Madison in 1936. Ten of these gave positive results; i. e., 
the be(> transmitted the disease from an inoculated to an uncontam- 
inated blossom. 

The transmission tests were continued during the same season at 
Sturgeon Bay, Wis., where the blooming season is later than at 
Madison. In all cases the transmission was attc^mpted with single 
bees, trapped in the wire cage. Of the 26 individual leasts, 7 gave 
positive results, 13 negative, and 6 doubtful. Of the tc'sts that gave 
positive results, 5 were made wdien the receptacle (nips wei(' moist or 
wetted and only 2 when they were apparimtly dry. None of the 13 
tests that gave negative results were made when the receptacle cups 
were moist or w'etted. 

LENGTH OF TIME AFTER INOCULATION THAT BLOSSOMS 
ATTRACT BEES 

One experiment was performed to gain evidence? on the length of 
time after inoculation that blossoms will attract bees and serve as 
sources of contamination. It consisted in placing with an uncon- 
taminated hive in the cloth cage two different Bartlett pear trees each 
day, one inoculated and the other not. The inoculated tree intro- 
duced on the first day had been inoculated 5 days; that on the sceond, 
4; the third, 3; the fourth, 2. The results showed that under the 
conditions of the experiment the bees could transmit the disease to 
healthy blossoms from diseased blossoms that had beeii inoculated 
for 5 days. The diseased blossoms on the tree introdue*ed 5 days 
after inoculation were already^ wilted and light brown in color. Three 
bees on more than 5 occasions touched these diseased blossoms with 
the glossa, then moved to the healthy blossoms. It was evident, 
however, that the healthy blossoms attracted more bees than the 
diseased ones and that the bee^s lingered longer on healthy than on 
diseased blossoms. The tree that was uninoculated when placed in 
the cage with the tree inoculated for 5 days had 46 blossoms, 29 of 
which were found diseased 10 days after the bees’ visit. 

CONCENTRATION OF NECTAR IN BLOSSOMS AT THE TIME OF THE 
BEF/S VISIT IN RELATION TO TRANSMISSION 

In a greenhouse trial (table 1) some potted Bartlett pear trees we're 
given a treatment in the moist chamber that brought the sugar con- 
centration of their nectar within a range of 3 te) 8 percent. They were 
then placed in a cloth cage and subjected to visitation by contaminated 
bees with similar trees that, having received no moist treatment, had 
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nectar with a sugar concentration of 45 percent. After removal from 
the cage the trees with low nectar concentration received a second 
moist treatment, whereas the others did not. Thirty-eight pe^rcent 
of the visited blossoms with the lower nectar concentration and none 
of those with the higher blighted. 


Table 1. — Nectar concentralion in blossoms of ^-year-old Bartlett pear trees in 
relation to transmission of fire blight by contaminated honeybees * 


Bee 

No. 

Moist treatment of blossoms before 
or after bee’s visit 2 

Concentration of sugars in 
nectar before bee’s visit 3 

Blossoms 
visited by 
bee 

Blossoms 

disease<l 



Percent 

Number 

Num- 

ber 

Per- 

cent 

1 

1 

Treated before and after 

3, 4, 8 ... . . 

3 

2 


do 

3 ! 4 ! 8 - 

5 

2 


2 

fio . . 

3, 4, 8 . 

3 

0 

3 

2 

.do.. 

2. 3 . 

4 

1 


2 

. . do.... 

2, 3 

2 

2 



do _ 

4,5. _ . . 

4 

1 


4 

No moist trejitment. . . 

4.5 or higher 


d 


1 

do 

45 or higher 

! 5 

0 


4 

do 

45 or higher . . . 

5 

0 


r, 

do .. . . .... 

C) . .. ...... 

3 

0 


a 

. . do . . 

0) - -- - 

4 

0 



' The bees htvl just been contaminated V>.v sipping nectar from blossoms artificially inocailated on the pre- 
codiiiK day. The exi)eriments were performed in tlie greenhouse at 20° to 24° ( •. 

2 A bee visited from 2 to !> blo.ssoms of a <du.ster. 

3 Values are for individual samples. The concentration of nectar rose in some of the blossoms to 15 per- 
cent during the time the bee worked and before the tree was put ba(;k into the moist (diamber. 

Uteceptaclo cups dry. 


In a fi(‘ld trial it was ainK'd to control in part the nectar conctuil ra- 
tion of the blossoms from wbicji the beevs obtaim'd inoculum, as well 
as of thos<' to which tlu'y W(‘re to carry it. In a i)ear orchard in whi(*h 
no naturally occurring blight had betm found, blossoms were ino(‘ulat(Ml 
on various days with lire blight bacteria suspended in artificial nectar 
solutions with sugar concentrations varying from a lrac(‘ to 40 per- 
ciuit. At the same tilin' small drops of artificial lU'Ctax of the same 
range of concentration, but containing no bactf'ria, were placc'd in the 
rec('j)tacl(' cups of uncontaminated i)lossoms. Some of tin* ti-eat(‘d 
blossoms w('re bagged in an attempt to check the rapid increase' of 
nectar concentration. On the following day individual uncoritami- 
nat<*d b('es were allow(*d to sip nectar, first from sonn' of the inocu- 
lated blossoms, then from uninoculatc'd ones containing tlu' artificial 
iK'ctar drops. Shortly before or aft(*r the bees visite'd the lilossoms, 
th(' conce'ntration of the' nectar in these and otht'r blossoms was 
measured. It was found in most case's that the concentration had 
unelergone changes. Some of the drops that originally had containeel 
a trace or 1 percent of nectar sugars were later founel to contain as 
high as 10 or 12 percent. Likewise, blossoms that eiriginally con- 
tained 40 percemt of nectar sugars were* found to have 70 or 75 per- 
cent. The results of these trials, which are summarized in table 2, 
show that when a bee worked on inoculated blossoms with nectar 
containing 2 to 12 percent sugars and then on uncontaminated ones 
with nectar containing 0 to 35 percent sugars, 49 percent of the latter 
group blighted. A higher percentage of infection might have resulted 
if the concentration of nectar in some of th(^ blossoms had not risen 
so high. On the other hand, no infection resulted when the bees first 
worked on blossoms with nectar containing, respectively, 10-14, 42-56, 
and 48-75 percent sugars and then on others with nectar containing, 
respectively, 10-18, 44-47, and 46-70 percent. Likewise, bees that 
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worked on inoculai(»d blossoms with apparently dry receptacle cups 
and then on uncontaminated ones with dry receptacle cups did not 
transmit the diseas(\ 

Table 2.—C(mcentration of pear nectar in relation to transmission of blossom blight 
by honeybees^ Sturgeon Hay^ Wts.y 1937 * 




Range of con- 
centration of 
sugars in nectar 
of inoculated 
blossoms from 
which bees 
sipped 

Range of con- 
(.rentration of 
sugars in nectar 
of healthy 
blossoms from 
which contami- 
nated bee,s 
si pped 

Bagging of blossoms after 
bees’ visit 

Bees 

used 

Blossoms 

Used 

Diseased 

Percent 

Percent 


Number 

Nu mber 

Percent 

2- 8 

0 10 

Bagged. 

12 

50 

50 

3 12 

0-35 

Not bagged . . 

8 

42 

40 

10-14 

10-18 

Bagged 

0 

22 

0 

42-.'j0 

44-47 

.. . -do 

10 

34 

0 

48 75 

40-70 

Not bagged 

9 

30 

0 

(2) 



(2) 

do 

18 

52 

0 


• Wire (!ant5s wore iLsed for <;ontr(»lling the bees and the exi>eriments were performed on orelmrd trees. 

3 lleecptade cups dry. 

DISCUSSION 

It is r('Cojrniz('d that some degree of artificiality may attcuid all 
experiments with bees handled in captivity, and that results from such 
work ar(‘ rcdiabh' only in proportion to the adequacy with which they 
are observed and controlled. 

Transmission of the disease from one blossom to another was 
<l(‘monstrat(‘d by (‘ach of the three methods tried, and each imqhod 
may b(‘ us(*ful. How('V(*r, work wdth individual bees greatly facili- 
( at (»s ad(‘(juat(‘ obscn* vat ions and controls. Use of the bee cage sub- 
stantially increases th(‘ range and flexibility of experiimuitation witii 
individual booB, 

The larg(' numlx'i* of instances in wdiich blossoms did not blight after 
visitation liy a contaminaUHl be(‘ indicat(‘s that there are important 
limitations on the efliciency of this insect in transmitting the disease, 
linh'ed, if this woro not the case, it w^ould be v(uy difticult to under- 
stand how our apph* and pcnir culture could continue, in vi(wv of the 
gr(»at number and activity of bees. 

Th(' results of tlu'se experiments on transmission of blossom blight 
by bees indicate that nectar concentration is a very important factor 
limiting this mod(> of transmission. They arc^ in general accord with 
the results of studies (6, 8, 13, 14 ) of nectar concentration in relation 
to fire blight infection initiated by artificial inoculation. However, 
in many cas(*s in which the nectar was at a favorabh' concentration, 
little or no infection occurred after contaminated bees had sipjjed 
from it. It is, th(»refore, apparent that other factors besides nectar 
concentration an* important in limiting blossom-Wight transmission 
by bees. An experimental study of such factors lies beyond the scope 
of the present paper. 

The need for information on factors favoring or limiting blossom- 
blight infection under conditions of natural transmission has been 
discussed elsewhere {8), The present investigation was interruptcul 
soon after experimental methods for such work had been developed. 
Further studies under various conditions are needed. It would seem 
especially desirable to perform additional greenhouse* and orchard 

200420-~41 6 
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experiments in which contaminated bees visit uncontaminated blos- 
soms containing nectar too concentrated to permit infection. The 
time during which bacteria thus deposited will live and the range of 
conditions they will tolerate without losing the capability to infect 
when favorable (‘onditions occur are vitally important considerations 
in relation to the* epidemiology and control of the disease. While 
work with artificial inoculation is very valuable in helping to dt'fine 
and interpret problems ndating to blossom-blight transmission by 
bees and oth(‘r insects, further experimental work on transmission 
by the insects themselves seems essential to an adequate understand- 
ing of their role in disseminating the disease. 

SUMMARY 

Transmission by honeybees of fire blight of apple {Mains sylvestris) 
and pear (Pyrns communis), incited by Erwinia amylovora, was 
studied by three (experimental methods. The most flexible and con- 
venient one employed individual bees handled in a specially designed 
wire cage. 

Bees were attracted to blighting blossoms that had been inoculatc'd 
5 days before, and transmitted the disease to healthy blossoms. 

In greenhouse and orchard (experiments contaminated bees freely 
transmitted blight to healthy blosstmis when the sugar concentration 
of the nectar was in the lower range encountered in nature, but not 
when it was in the nKuiium or higher range. 

In the experiments reported herein, nectar concern tration was an 
important factor in limiting blossom-blight transmission by bec's. 
However, in many cases in which the lu^ctar was at a favorable con- 
centration, little or no inhn^tion occurred after contaminated beses 
had sipped from it. It is apparent that other factors in addition to 
nectar concentration are important in limiting blossom-blight trans- 
mission by bees. 
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